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A b str a c t
From in v e s t ig a t io n s  o f  two l i f e  s ta g e s  o f th e  g reen  seaweed • 
U rospora w orm sk io ld ii (U. w orm skio ld ii and Godiolum nusillum ) 
i t  was found th a t  bo th  weeds s y n th e s is e  th e  fo llo w in g  e th an o l so lu b le  
c a rb o h y d ra te s : g lu co se , f r u c to s e ,  su c ro se , myo-i n o s i t o l , g ly c e r ic
a c id  and a number o f  g lu co se  c o n ta in in g  o lig o s a c c h a r id e s . Both 
weeds a lso  sy n th e s is e  s ta r c h e s  com prising  amylose and am ylopectin  
as w ell as h ig h ly  branched  1 ,3 - lin k e d  g lu c an s . Evidence f o r  a
1 .4 - lin k e d  homoxylan w ith  C-2 branch  p o in ts  was found in
U. w orm sk io ld ii and in d ic a t io n s  o f  a  homoxylan b o th  1 ,3 -  and 1 ,4 - l in k e d  
was found in  Godiolum. Small amounts o f an a -1 ,3 - l in k e d  mannan and 
la rg e  amounts o f  a  ^3-1,4 -linkad . mannan branched a t  0-6 and su lp h a ted  
a t  C-2 were found in  Godiolum, a lth o u g h  _U. w orm sk io ld ii co n ta in ed  
o n ly  t r a c e  q u a n t i t ie s  o f  a  mannan.
P o ly d isp e rse  h e te ro p o ly sa c c h a rid e s  ("rham nans” )c o n ta in in g  
L—rhamnose, B -xylose and D -g lucu ron ic  a c id  and h a l f  e s t e r  su lp h a te  
l in k e d  to  th e  rhamnose were found in  both  weeds. The g lu cu ro n ic  
a c id  was found to  be 1 ,4 - lin k e d  and end group and th e  x y lo se  to  be
1 .4 - lin k e d  and end group and in  IJ. w orm sk io ld ii i t  was a lso
1 .2 .4 - l in k e d . The rhamnose re s id u e s  were m ain ly  1 ,3 - l in k e d  and 
su lp h a te d  a t  C-2 o r C—4 and to  a  l e s s e r  e x te n t 1 ,4 —lih k e d  w ith  
su lp h a te  groups a t  C-2 o r C-3* A sm all amount o f 1 ,2 - lin k e d  and end 
group rhamnose u n i t s  was a lso  found . The "rham nans" m etab o lised  by 
Godiolum appear to  be b a s ic a l ly  l i n e a r  w h ile  th o se  from
U. w orm sk io ld ii appear to  be h ig h ly  branched w ith  p o s s ib ly  1 ,3 ,4 -  
o r  1 ,2 ,4 -1 inked rhamnose branch  p o in ts .
The s t r u c tu r a l  c e l l - w a l l  p o ly sac c h a rid e  in  h o th  weeds was found 
to  he c e l lu lo s e  admixed w ith  p ro te in  and "rham nan".
A "rhamnan" from th e  g reen  seaweed Uiva la c tu c a  was found to  he a 
l i n e a r  p o ly sac c h a rid e  c o n s is t in g  o f 1 , 4-  (m ajo r), 1 , 3- l in k e d  and end 
group rhamnose, 1 , 4- l in k e d  x y lo se  and 1 , 4- l in k e d  and end group 
g lu c u ro n ic  a c id .
The " fu c an s” (p o ly d isp e rse  h e te ro p o ly sa c c h a rid e s )  from th e  
hrown seaweeds H im anthalia  lo re a  and Padina pavonia  were found to  
c o n s is t  o f fu co se , g lu c u ro n ic  a c id , x y lo se  and t r a c e s  o f g a la c to se  
(H. l o r e a ) • The x y lo se  and g lu cu ro n ic  a c id  were found to  he
1 , 4- l in k e d  and end group w h ile  th e  fucose  was found to  he 1 , 3- l in k e d  
w ith  su lp h a te  groups a t  C-2  o r  C-4 and 1, 4- l in k e d  w ith  su lp h a te  
groups a t  C-3. In d ic a tio n s  were o b ta in ed  f o r  a  l in e a r  fucose  
backbone f o r  th ese '"”fu c a n s" .
The two brown seaweeds D esm arestia  l i g u l a t a  and D esm arestia  firm a 
were bo th  found to  have a h ig h  co n ten t o f  f r e e  s u lp h u r ic  a c id  in  th e  
v a cu o la r  sap . The f r e e  s u lp h u r ic  a c id  in  D. firm a  was found to  be 
Oja o f  th e  d ry  w eight o f th e  weed. C onsequently  new methods to  avo id  
d e g ra d a tio n  o f th e  p o ly sac c h a rid e s  had to  be d e v ise d . Both weeds 
were found to  sy n th e s is e  m ann ito l as  t h e i r  main e th an o l so lu b le  
m a te r ia l  though o lig o sa c c h a r id e s  c o n ta in in g  x y lo se  and g a la c to se  
(D. firm a) and x y lo se , g a la c to se  and mannose (D. l ig u la ta )  as w ell 
as myo-in o s i to l  (D. l ig u la t a )  and in d ic a tio n s  o f  g lu co se-m an n ito l 
d i -  and t r i -m e r s  (D, firm a) were a lso  found in  t h i s  e x t r a c t .  Both 
weeds were found to  s y n th e s is e  lam inaran , f irm a  in  com p arativ e ly
la rg e  am ounts. The *’fucans" e x tra c te d  from th e  two sp e c ie s  were 
found to  c o n ta in  fu c o se , x y lo se , g a la c to s e , and g lu c u ro n ic  a c id  and 
mannose was a lso  found in  th e  " fu can s"  from D. l i g u l a t a .  The 
a lg in ic  a c id  from D. l i g u l a t a  was found to  c o n ta in  33^ o f 
m annuronic a c id  and th e  m annuronic a c id  in  bo th  a lg in ic  a c id s  was 
found to  be more e a s i ly  degraded and h y d ro ly sed  th a n  th e  g u lu ro n ic  
a c id .
The s t r u c tu r a l  p o ly sac c h a rid e  in  l i g u l a t a  was found to  be 
c e l lu lo s e .
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C h ap ter I
INTRODUCTION
Most o f th e  v e g e ta tio n  in  th e  sea  belongs to  th e  c la s s  known 
as a lg a e . They a re  o f th e  most p r im it iv e  p la n t groups and 
m o rp h o lo g ica lly  th e y  have changed very  l i t t l e  w ith  tim e . A lthough 
th e y  a lso  grow in  s o i l  and f r e s h  w ater th e y  occur m ain ly  in  s a l t  w a te r .
Algae a re  e s s e n t i a l l y  p h o to sy n th e tic  organism s and th e y  a re  
th e re fo re  r e s t r i c t e d  to  th o se  p a r t s  o f th e  sea  where l ig h t  i s  
a v a i la b le .  They have a g re a t d iv e r s i ty  o f  form, ran g in g  from 
u n ic e l lu la r  f r e e  f l o a t in g  organism s to  g ig a n t ic  seaweeds such as 
M acrocyst i s  p y r i f e r a  which may reach  a le n g th  o f s ix ty  m e tre s .
The a lg a e  have m ain ly  been c l a s s i f i e d  acco rd in g  to  th e  n a tu re  
o f t h e i r  p igm ents, as t h i s  g e n e ra l ly  c o in c id es  w ith  im portan t 
m orphological d i s t i n c t io n s .  T i is  has r e s u l te d  in  fo u r  main c la s s e s  
o f  a lg a e , namely brown (Phaeophyceae), g reen  (C hlorophyceae), 
re d  (Rhodophyceae) and b lu e -g re e n  (C yanophyceae). As more sp ec ie s  
* a re  b e in g  s tu d ie d  ch em ica lly  th e  p resen ce  o r absence o f a  p a r t i c u l a r  
ty p e  o f m e ta b o lite  as th e  "m arker" f o r  a  p h y lo g en e tic  c l a s s i f i c a t i o n  
i s  b e in g  so u g h t. This appears to  be c o n s is te n t  w ith  re s p e c t to  th e  
Phaeophyceae, th e  Rhodophyceae and to  some e x ten t to  th e  C hlorophyceae, 
bu t th e  number o f  sp e c ie s  in v e s t ig a te d  ch em ica lly  i s  s t i l l  sm all and 
hence c l a s s i f i c a t i o n  o f a lg ae  based  a t  l e a s t  on th e  n a tu re  o f th e  
p a r t i c u l a r  carbohydrate  may be reg ard ed  as t e n t a t i v e .
A c h a r a c t e r i s t i c  f e a tu re  o f seaweed p o ly sac c h a rid e s  i s  th e  
p resence  o f  h a l f  e s t e r  su lp h a te  groups lin k e d  w ith  a t  l e a s t  one 
p o ly sa c c h a r id e . Land p la n t  p o ly sac c h a rid e s  a re  devoid  o f  th e s e  groups 
bu t th e y  a re  common to  anim al p o ly sa c c h a r id e s . The fu n c tio n s  o f  th e se  
h a l f  e s te r  su lp h a te s  i s  p ro b ab ly  to  produce p o ly sac c h a rid e s  which a re  
h y g roscop ic  and m ucilag inous in  n a tu re  and th e re b y  g iv in g  seaweeds th e
f l e x i b i l i t y  and ease o f  movement t h e i r  environm ent r e q u i r e s .  Another 
fu n c tio n  i s  p ro b ab ly  to  p rev en t ex cessiv e  d eh y d ra tio n  when th e  p la n t 
i s  exposed to  a i r  a t  low t i d e .
Few chem ical s tu d ie s  have been c a r r ie d  out on th e  carb ohydrates  
from sp e c ie s  o f th e  b lu e -g re e n  a lg ae  and th e s e  w i l l  th e re fo re  not be 
d iscu ssed  f u r th e r .
The carb o h y d ra tes  p re se n t in  seaweeds can co n v en ien tly  be 
d ivided in to  th e  fo llo w in g  groups :
1 Low m olecu lar w eight carb o h y d ra tes  (so lu b le  in  80^ e th a n o l ) .
2 O ther m ainly  w a ter so lu b le  carb o h y d rates
a) Food re s e rv e  m a te r ia l
b) O ther so lu b le  p o ly sa c c h a r id e s .
3 S tr u c tu r a l  p o ly sa c c h a r id e s .
On th e  fo llo w in g  pages th e  carb o h y d ra tes  o f  th e  th re e  main
groups w il l  be d e sc rib e d  under th e se  h e ad in g s .
Rhodophyceae
1 . Low m olecu lar w eight ca rb o h y d ra tes
P lo r id o s id e , 2-0 -g ly c e ro l-a -D -g a la c to s id e  i s  found in  many sp ec ie s
o f th e  Rhodophyceae and i t  seems to  be an end p roduct o f p h o to -
2
sy n th e s is  and a re se rv e  m a te r ia l  in  th e se  a lg ae  . In  some sp ec ie s  
2_ p _ g ly ce ric  acid-a-D -m annopyranoside i s  more im p o rtan t^ . In  
a d d it io n  to  th e se  B -^-floridoside-a-D -m annopyranoside*^ and i s o -  
f lo r id o s i d e ( l - 0 -g ly c e ro l-a -D -g a la c to p 3rranoside) have been i s o la te d  
from s e v e ra l  re d  a lg ae^  and v a rio u s  sugar a lo c h o ls  and in o s i to l s  have 
a lso  been found in  some s p e c ie s .
2 . O ther m ain ly  w a ter so lu b le  ca rb o h y d ra tes
a) Food re s e rv e  m a te r ia l
F Io rid e an  S ta rch
This re s e rv e  p o ly sac c h a r id e  i s  u n iv e r s a l ly  p re se n t in  th e  re d
a lg a e . I t  c o n s is ts  s o le ly  o f D -glucose u n i t s  and a c lo se  r e la t io n s h ip
to  am ylopectin  o f  lan d  p la n ts  has been e s ta b l is h e d ^ . I t  i s
e s s e n t i a l l y  an a - 1 , 4- l in k e d  g lu can  w ith  1 , 6-b ran ch  p o in ts  and an
7
average  chain  le n g th  o f 9- 15» though a sm all p ro p o r tio n  o f  a - 1 , 3-
6 7l in k a g e s  has been re p o r te d  in  some sp e c ie s  ' .
b) O ther so lu b le  p o ly sac c h a rid e s
The w ater so lu b le  p o ly sac c h a rid e s  from th e  re d  a lg ae  a re  
m ain ly  g a la c ta n s , c o n s is t in g  o f v a ry in g  p ro p o r tio n s  o f  D and L- 
g a la c to se  (some c a r ry in g  h a l f  e s t e r  s u lp h a te ) ,  3 , 6-anhydro-D  and 
L -g a la c to se , and 6 -0 -m e th y l-D -g a lac to se .
These u n i t s  o f f e r  a  h road  spectrum  o f  p o ly sac c h a rid e s  com prising  
chains o f a l t e r n a t e  1 , 3-  and 1 , 4- l in k e d  g a la c to se  o r m odified
Q
g a la c to se  u n i t s  . The in d iv id u a l polym ers d i f f e r  in  t h e i r  f i n e r
d e ta i l s  o f s t r u c tu r e  p o s s ib ly  due to  a  p a r t i c u l a r  environm ent^.
These p o ly sac c h a rid es  occur in  n a tu re  as h y d ra te d ’^ s c o e la s t ic
g e ls  p ro b ab ly  s e rv in g  b o th  s t r u c tu r a l  fu n c tio n s  and a lso  as a n t i -  
9
d e s ic c a n ts  .
■ The g a la c ta n s  can be d iv id e d  in to  th r e e  g roups: a g a r - ,
p o rphy ran - and ca rrag een an -ty p e  p o ly sac c h a rid e s  a lth o u g h  p o ly -
10 11sa c c h a rid e s  r e l a t e d  to  more th a n  one o f  th e se  ty p es  have been found * 
Agars
Comprehensive re c e n t s tu d ie s  have in d ic a te d  th a t  ag ar i s  no t
made up o f one n e u tr a l  (agarose) and one charged p o ly sac c h a rid e
(ag a ro p ec tin ) as was p re v io u s ly  though t bu t i s  composed o f a  complex
s e r ie s  o f  r e l a t e d  p o ly sac c h a r id e s  ran g in g  from an alm ost n e u tr a l
p o ly sac c h a rid e  to  a  h ig h ly  charged g a la c ta n . The extrem es o f
13s t r u c tu r e  can be d e fin ed  as fo llo w s
a) n e u tr a l  ag arose  which c o n s is ts  o f  chain s o f  a l t e r n a t in g
1 ,4 - lin k e d  3 ,6-an h y d ro -a -L ~ g alac to se  and 1 ,3 -lin k ed -|3 -D -g a lac to se ,
,see f i g .  1 .
R = H, CH.
F ig u re  1
I d )  P y ru v y la ted  ag aro se  w ith  a l i t t l e  s u lp h a te . These 
m olecu les c o n s is t  o f th e  same a l t e r n a t in g  p a t te r n  w ith  about one in  
tw en ty  D -g a lac to se  re s id u e s  s u b s t i tu te d  by p y ru v ic  a c id  as
5_0 - ( l - c a rb o x y -e th y l id e n e ) -D -g a la c to s e  u n i t s  and a  few o f  th e
1 , 4- l in k e d  re s id u e s  p re s e n t as L -g a la c to s e -6- s u lp h a te (c a . 2^  
su lp h a te ) . These two re s id u e s  a re  shown in  f i g .  2 .
K îO
HOOO
F ig u re  2
c) A h ig h ly  su lp h a te d  g a la c ta n . These m olecules c o n ta in  l i t t l e  
o r no 3 , 6-anhydro g a la c to s e  o r py ru v ic  a c id  bu t c o n s is t  o f  a l t e r n a t in g  
1 , 3“  and 1 , 4- l in k e d  g a la c to s e  re s id u e s  mono- and d i- s u lp h a te d .
A ll th e  in te rm e d ia te  forms betw een th e s e  extrem es a re  though t to  
be p re se n t in  a g a r .
Carrageenan
I C arrageenan d i f f e r s  from a g a r  m ain ly  in  th a t  3 j 6-anhydro-D -
g a la c to s e  re p la c e s  th e  3 ,6  an h y d ro -L -g a lac to se  o f a g a r and in  th a t  i t
g
has a  h ig h e r co n ten t o f  m ain ly  a l k a l i  s ta b le  h a l f  e s t e r  su lp h a te s  . 
The re p e a tin g  u n i t  o f K -carrageenan  a f r a c t io n  o b ta in e d  from 
carrag een an  by p r e c ip i t a t io n  w ith  po tassium  c h lo r id e , c o n s is ts  o f 
ch ain s o f a l t e r n a t e  1 ,3 - lin k e d -D -g a la c to se -4 “ S u lphate  and 1 ,4 - l in k e d -  
3 , 6-a n h y d ro -P -g a la c to se , see  f i g .  3.
CH,OH CH
_J n
F ig u re  3
Porphyran
This polym er c o n s is ts  m ain ly  o f P -1 , 3 - lin k e d -_ ^ g a la c to se  (o r
6-0 -m e th y l-g a la c to se )  u n i t s  a l t e r n a t in g  w ith  a - 1 , 4- l in k e d -L -g a la c to s e -
146- s u lp h a te  (o r 3 ^6- a n h y d r o - ^ g a la c tose) . The p ro p o r tio n s  o f th e
15sugars  a g a in  v a ry in g  w ith  th e  season  and th e  environm ent . The
m ucilage o b ta in e d  from A natheca d e n ta ta  (a member o f  th e
G ra te loup iaceae) i s  one example o f a  p o ly sac c h a rid e  no t b e lo n g in g  to
any o f th e  th re e  ju s t  m entioned g ro u p s . This p o ly sac c h a rid e  has th e
”back-bone” s t r u c tu r e  o f a  ty p e  (c) a g a r , bu t th e  h ig h  su lp h a te  co n ten t
(c a . 30^) and th e  p resen ce  o f x y lo se  (and sm a lle r  amounts o f
3-0 -m e th y l-g a la c to se  and ^ g lu c u r o n ic  ac id ) appear to  p la c e  i t  o u ts id e
th e  re g io n  o f th e  t r u e  ag a rs
A re c e n t in v e s t ig a t io n  o f th e  e x t r a c e l lu la r  m ucilage produced by 
17R hodella  m aculata  , a  m icroscop ic  u n ic e l lu la r  re d  a lg a , showed th a t
i t  com prised a su lp h a ted h e te ro p o ly sac c h a rid e  c o n ta in in g  m ain ly  xy lo se
^and g lu c u ro n ic  a c id  to g e th e r  w ith  sm a lle r  p ro p o r tio n s  o f 3- 0 -m e th y l-
x y lo se , rhamnose, g a la c to se  and g lu c o se . The x y lo se  u n i t s  a re  1 ,3 -
and 1 ,4 - l in k e d , and g lu cu ro n ic  a c id  is  1 ,3 - l ih k e d . Rhamnose i s
p re se n t as end-groups to g e th e r  w ith  1, 3-  and 1 , 4- l in k e d  g a la c to se  and
1 , 2-  and 1, 4- l in k e d  g lu co se , w hile  branch  p o in ts  a re  occupied  by
1, 3 , 4-  and 1, 2 , 4- l in k e d  g a la c to se  a n d /o r  g lucose  u n i t s .
Though w ater so lu b le  xy lans and mannans have been o b ta in ed  th e se
w i l l  be d is c u s s e d  u n d er th e  s t r u c t u r a l  h e a d in g .
3• s t r u c tu r a l  p o ly sac c h a rid e s  
C e llu lo se
C e llu lo se  in  sm all p ro p o r t io n s , has been re p o r te d  in  d i f f e r e n t
sp e c ie s  o f re d  algae"^^ and th e  s t r u c tu r e  o f th e  c e l lu lo s e  from
Gelidium amansi i  was found to  be s im i la r  to  th a t  o f  c o tto n  except fo r
19i t s  c o l lo id a l  p ro p e r t ie s  .
Mannan
A P -1 ,4 —lin k e d  mannan w ith  an  average  ch a in  le n g th  o f  about
20tw elve  has been e x tra c te d  from th e  c e l l  w a ll o f  Porphyra u m b ilic a l is ,
w h ile  a su lp h a ted  a - 1, 3- l in k e d  mannan was found in  th e  aqueous e x tra c t
21o f a  Uemalion v e rm icu la re  Sur sample .
Xylan
The xy lan s  found in  th e  re d  seaweeds a re  e i th e r  c e l l  w a ll m a te r ia l
o r w a ter s o lu b le .  The f i r s t  ty p e  i s  e s s e n t i a l l y  l in e a r  and c o n s is ts
20 22 o f e i th e r  ^ -1 ,3 - l in k e d  o r  3 -1 ,4 - l in k e d  x y lo se  r e s id u e s .  The
w ater so lu b le  ty p e s  a re  no t s k e le ta l  m a te r ia l  and a re  p o s s ib ly  food
re se rv e  p o ly sa c c h a r id e s . They c o n s is t  o f  ch ain s o f  b o th  (3-1,3- and
p~1, 4-x y lo s id ic  lin k a g e s  in  a  s t r u c tu r e  th a t  may be branched  o r l in e a r
22and th e y  may e i t h e r  be pure  xy lan s  o r  h e te ro p o ly sa c c h a rid e s
C hlorophyceae
1 Low m o lecu lar w eight carb o h y d ra tes
Of th e  th r e e  main c la s s e s  o f a lg ae  th e  g reen  seaweeds have been
th e  l e a s t  in v e s t ig a te d ,  bu t th e  main low m olecu lar w eight c a rb o -
23h y d ra te  seems to  be su cro se  . S ucrose , g lucose  and f ru c to s e  have 
been  found in  most o f  th e  sp e c ie s  in v e s t ig a te d .  In  a d d it io n  sm all 
q u a n t i t ie s  o f  myo- i n o s i t o l  and o th e r  p o ly a lc o h o ls  as w ell as o th e r
24su g ars  have been found in  some sp ec ie s  . In  A c e ta b u la r ia  
25c re n u la ta  f o r  in s ta n c e  a l lu lo s e ,  myo-i n o s i t o l , a l l o - q u e r c i to l  as 
w ell as D -g lucose, D -fru c to se  and a  homologous s e r ie s  o f f ru c to s e  
c o n ta in in g  o lig o sa c c h a r id e s  were found.
2 . O ther m ainly w ater so lu b le  carb o h y d rates
a) Food re s e rv e  m a te r ia l
S ta rch
Most o f th e  sp e c ie s  so f a r  in v e s t ig a te d  ch em ica lly  were found 
to  have s ta r c h - ty p e  g lucans s im i la r  to  th a t  o f lan d  p la n ts  
com prising  bo th  amylose and am ylopectin^^ . Aqueous e x tr a c t io n  
y ie ld s  th e s e  g lucans to g e th e r  w ith  su lp h a ted  h e te ro p o ly sa c c h a r id e s . 
They can be s e p a ra te d  as s ta r c h - io d in e  complexes o r as  g lucans l e f t  
in  th e  aqueous s o lu t io n  a f t e r  com plexing th e  su lp h a ted  po ly ­
sac c h a rid e s  w ith  c e tyltrim ethylam m onium  h y d ro x id e . The s t r u c tu r e s  
o f th e  g lucans have been e s ta b l is h e d  th rough  enzymic, p e r io d a te  
o x id a tio n , m é th y la tio n  and X -ray s tu d ie s ^ ^ . The main d if f e r e n c e s  
betw een th e  starches from th e  g reen  seaweeds and th a t  from la n d  p la n ts
seem to  be th a t  th e  form er has a low er m olecu lar w eight and
27h y d ro ly ses  more e a a i ly  th a n  th e  l a t t e r  .
F ru c tan s
F ru c tan s  have been found in  v a rio u s  g reen  a lg ae  and th e y  a re
28though t to  be th e  food re se rv e  m a te r ia l  . In  A c e ta b u la r ia  
25c re n u la ta  th e  f r u c ta n  was shown to  be o f  th e  in u l in  ty p e , i . e .  
a  l i n e a r  2 , 3- l in k e d  p o ly sacch a rid e  w ith  average  m o lecu lar s iz e  
v a ry in g  from 33 to  62 u n i t s .
b) O ther s o lu b le  p o ly sac c h a r id e s  .
As in  th e  case o f th e  Rhodophyceae, c h a r a c te r i s t i c  m ucilag inous
p o ly sac c h a rid e s  c o n s t i tu te  th e  m ajor p o ly sac c h a rid e s  o f  t h i s  c la s s
o f a lg a e . They can ro u g h ly  be d iv id ed  in to  two groups depending
on t h e i r  su g ar u n i t s .
The f i r s t  group c o n ta in s  m ain ly  g a la c to s e , a ra b in o se  and xy lo se
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u n i ts  and has been o b ta in ed  from sp ec ie s  o f C ladophora ,
Chaetomorpha^^, C aulerpa^ ^ , Codium^^ and R hizoclonium ^^. The second
group com prises m ain ly  rhamnose, x y lo se  and g lu c u ro n ic  a c id  and has
been o b ta in ed  from Enterom orpha com pressa^^, Ulva la c tu c a ^ ^ ,
A crosiphon ia  a r c t a ^^ and U rospora p e n ic i l l i f o r m is ^^ . The p o ly —
25sac c h a rid e  from A c e ta b u la r ia  c re n u la ta  on th e  o th e r  hand i s  o f  an
in te rm e d ia te  s t r u c tu r e  as i t  c o n ta in s  g a la c to s e , x y lo se , rhamnose and
g lu c u ro n ic  a c id  as th e  main components.
The h a l f  e s t e r  su lp h a te  co n ten t o f  th e  p o ly sac c h a rid e s  b e lo n g in g
to  th e  f i r s t  group, i s  found to  be f a i r l y  c o n sta n t ( 15- 20^  and
g a la c to se  and a ra b in o se  a re  th e  m ajor sugars  in  most sam ples. The
m a jo r ity  o f  th e  p o ly sac c h a r id e s  c o n ta in  a p p re c ia b le  amounts o f
x y lo se , and t r a c e s  o f rhamnose have been found . In  s p i t e  o f th e
\
number o f d i f f e r e n t  sugars  p re se n t a l l  a tte m p ts  to  f r a c t io n a te  th e
p o ly sac c h a rid e s  in to  hom o-polysaccharides have been u n su c c e ss fu l.
29Cladophora r u p e s t r i s  was th e  f i r s t  a lg a  in  t h i s  group to  be 
s tu d ie d  in  d e t a i l .  These s tu d ie s  e s ta b lis h e d  th e  m ajor l in k a g e s , 
g a la c to s e  1 , 3-  and 1, 6- l in k e d , a ra b in o se  1 , 4- l ih k e d  and x y lo se  end 
group and 1 ,4 - l in k e d . L a te r  s tu d ie s  confirm ed th e se  f in d in g s  and 
showed th a t  some o f th e  a ra b in o se  u n i t s  a re  su lp h a ted  a t  C-3 and some 
o f th e  g a la c to se  re s id u e s  a re  su lp h a ted  a t  C-6^^ . A u to h ydro lysis  o f 
t h i s  w ater so lu b le  su lp h a ted  p o ly sac c h a rid e  y ie ld e d  a number o f 
h e te ro -o lig o s a c c h a r id e s  c o n ta in in g  g a la c to s e  and x y lo se , a ra b in o se
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and g a la c to s e  and a  la rg e  q u a n t i ty  o f a su lp h a ted  o lig o sa c c h a r id e  w ith
a h ig h  p ro p o r tio n  o f a ra b in o se  to  g a la c to se  ( 4 : l ) ^ ^ .  These r e s u l t s  
proved not o n ly  th e  h e te ro p b ly m eric  n a tu re  o f th e  m ucilage b u t a lso  
th e  wide d iv e r s i ty  o f  th e  s t r u c tu r a l  u n i t s  p r e s e n t . From th e se  and 
r e la te d  s tu d ie s  i t  was p o s s ib le  to  deduce th a t  th e  p o ly sac c h a rid e  
co n ta in s  b locks o f a t  l e a s t  e ig h t 1 ,4 - l in k e d  a ra b in o se  u n i t s ,  some 
su lp h a ted  a t  C-3 and linlced to g e th e r  by s in g le  g a la c to s e  u n i t s .
S tu d ie s  on th e  w a ter so lu b le  s ta r c h  f r e e  p o ly sa c c h a r id e s  from
30two Chaetomorpha sp e c ie s  in d ic a te s  v e ry  s im i la r  s t r u c tu r e s  to  th a t  
found in  C ladophora, th e  m ajor d if f e re n c e  b e in g  a h ig h e r  g a la c to se  
co n ten t in  th e  l a t t e r .
32The p o ly sac c h a rid e  from Codium f r a g i l e  c o n ta in s  g a la c to s e  and 
a ra b in o se  as th e  m ajor sugars  bu t i t  ap pears  to  d i f f e r  from th e  
above m entioned p o ly sac c h a rid e s  on th e  s i t i n g  o f th e  su lp h a te  g roups. 
Ho a ra b in o se  su lphate  was found in  th e  Codium p o ly sac c h a rid e  though 
g a la c to s e - 6 - s u lp h a te and g a la c to s e -4 -s u lp h a te  were bo th  i s o la te d  
to g e th e r  w ith  a  1 ,3 - lin k e d  g a la c to se  dim er and a 1 ,3 - lin k e d  a ra b in o se  
d im er.
As s tu d ie s  o f  U rospora com prise a  p a r t  o f t h i s  th e s i s  th e y  w il l  
be d isc u sse d  in  more d e t a i l  in  ,the C hapter I I I  (p . 44 ) • The 
w a te r so lu b le  p o ly sac c h a rid es  o b ta in ed  from th e  o th e r  sp e c ie s  
m entioned in  th e  second group c o n ta in  th e  same su g ars  and have many 
s im ila r  p r o p e r t i e s .  The p o ly sac c h a rid e s  were found to  be h e te ro ­
polym ers w ith  L-rhamnose and D -xylose as th e  m ajor su g ars  and sm a lle r  
q u a n t i t ie s  o f  D -g lucose. The u ro n ic  a c id  co n ten t was found to  be 
around 20^ w hile  th e  su lp h a te  co n ten t v a r ie d , about 17^ in  Ulva 
and Enterom orpha^^ and 8^ in  A crosiphon ia^^.
P a r t i a l  a c id  h y d ro ly sa te s  from a l l  th r e e  p o ly sac c h a rid e s  gave a
r e l a t i v e l y  h ig h  p ro p o r tio n  o f  an a ld o b io u ro n ic  a c id , 3 -U -P -^ g lu c o -  
pyru  rono s y l  -L-rhamno s e .
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The p o ly sac c h a rid e  from Ulva la c tu c a  has been examined in
g r e a te s t  d e t a i l  and th e  fo llo w in g  r e s u l t s  have been o b ta in e d .
39M éth y la tio n  s tu d ie s  o f  th e  d e su lp h a ted  and carboxyl reduced  polymer 
has in d ic a te d  1 ,4 -  and 1 ,3 ,4 - l in k e d  rhamnose, 1 ,4 - lin k e d  and end group 
xy lose  and 1 ,3 - l in k e d  g lu c o se /g lu c u ro n ic  a c id .  T e n ta tiv e  evidence 
f o r  1 ,3 - lin k e d  and 1 ,4 - lin k e d  g lucose  was a ls o  o b ta in e d .
The p o s i t io n  o f th e  su lp h a te  e s te r  has been deduced from a lk a l i  
d e su lp h a tio n  and from p e r io d a te  o x id a tio n  experim ents to  be m ainly  a t  
C-2 o f rhamnose and to  a  l e s s e r  e x ten t a t  C-2 o f x y lo se^ ^ .
An a c id ic  h e p ta sa c c h a rid e  was i s o la te d  in  h ig h  y ie ld  a f t e r  Smith 
d e g ra d a tio n  and from t h i s  i t  was deduced th a t  th e  fo llo w in g  s t r u c tu r e
39re p re s e n ts  a  r e p e a tin g  u n i t  in  th e  p o ly sac c h a rid e  •
G1cA(1—> 4 )R iia (l-y  4) GlcA(l—* 3) X y l(l—» 4 )R h a ( l-^  3 )C lc (l-->  4)Xyl 
23 23 23 63
A lthough th e  in v e s t ig a t io n s  on th e  m ucilage from Ulva la c tu c a
have advanced much f u r th e r  th a n  th o se  on th e  p o ly sac c h a r id e s  from th e
o th e r  two sp e c ie s  i t  i s  b e lie v e d  th a t  th e y  have a  s im i la r  s t r u c tu r e .
The p o ly sac c h a rid e  from th e  u n ic e l lu la r  a lg a  A c e ta b u la r ia  
25c re n u la ta  was found to  be long  to  n e i th e r  o f th e  groups so f a r  
d iscu ssed  as th e  main sugar in  t h i s  polym er was found to  be g a la c to se  
w ith  l e s s e r  amounts o f g lu cu ro n ic  a c id  and rhamnose, and s t i l l  sm a lle r  
amounts o f  x y lo se  and 4“2 ,-n ie th y l-g a lac to se  p r e s e n t .  This a lg a  a lso  
seems to  m e tab o lise  a  fam ily  o f  r e l a t e d  p o ly sac c h a rid e s  a l l  b u i l t  on a 
s im ila r  p la n . The main fe a tu re s  o f th e se  polym ers were found to  be
1 ,3 - lin k e d  g a la c to se  u n i t s  su lp h a ted  m ainly  on 0-4  and to  a  l e s s e r  
e x ten t on 0 -6 , rhamnose i s  m ain ly  p re se n t as end groups and 1 ,2 - lin k e d  
o r 2 -su lp h a te d  u n i t s ,  w hile  x y lo se , g lu cu ro n ic  a c id  and g a la c to se  a l l  
were found to  be p re se n t as end g roups. The branch  p o in ts  were found
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to  c o n s is t  o f g a la c to se  and rhamnose u n i t s . Due to  th e  evidence f o r  
a  r e l a t i v e  h ig h  p ro p o r tio n  o f  end groups, th e  p o ly sac c h a rid e  i s  
though t to  be h ig h ly  branched w ith  v e ry  sh o rt b ra n c h es .
3 , S t r u c tu ra l  p o ly sac c h a rid e s  
Mannan
Mannans have been shown to  be p re se n t in  th e  c e l l  w all o f c e r ta in
41 42green  a lg ae  • The mannans from Codium f r a g i l e  and A c e ta b u la r ia
25c re n u la ta  have been e x te n s iv e ly  s tu d ie d  and found to  be p -1 ,4 -  
1inked mannans w ith  in d ic a t io n  o f  some degree o f b ran ch in g  a t  C-2.
Xylan
The x y lans c o n s t i tu te  th e  main s k e le ta l  p o ly sac c h a rid e  o f a 
number o f g reen  a lg a e . M é th y la tio n , p e r io d a te  o x id a tio n  and 
enzym atic s tu d ie s  showed th e se  xy lan s  to  be composed o f  0 -1 ,3 -  
lin k e d  D -xylose u n its^ ^ * ^ ^ . These lin k a g e s  r e s u l t  in  an open w ire  
s p r in g  l ik e  h e l i c a l  s t r u c tu r e .  The s tro n g  f ib ro u s  s t r u c tu r e  re q u ire d  
by a s k e le ta l  p o ly sac c h a rid e  i s  ach ieved  by th re e  ch ain s form ing a 
t r i p l e  h e l ix ^ ^ .
t
Glucan
X -ray  d i f f r a c t i o n  s tu d ie s^ ^  have su g g ested  th a t  c e l lu lo s e  i s  
p re se n t in  v a rio u s  fa m ilie s  o f th e  Chlorophyceae b u t due to  
d i f f i c u l t i e s  in  i s o la t in g  th e  pure  c e l lu lo s e  no s t r u c tu r a l  s tu d ie s  
have been c a r r ie d  o u t .
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Phaeophyceae
1. Low m o lecu lar w eight carb o h y d ra tes
D -m annitol appears  to  be u n iv e r s a l ly  p re se n t in  th e  brown a lg a e ,
in  some sp e c ie s  and a t  some seasons in  la rg e  q u a n ti t ie s '^ ^ .
M annitol i s  b e lie v e d  to  be a  s to ra g e  p roduct and a lso  a  s u b s t r a te  f o r
r e s p i r a t io n  in  th e s e  p la n ts ^ ^ .  The seven carbon atom a lc o h o l ,
D -vo lem ito l has been found in  P e lv e t ia  c a n a l ic u la ta ^ ^, and 1-U-D
m annito l-0 -;D -g lucopyranoside and 1 ,6 -O -D -m an n ito l-d i-(0 -D -g lucopyran -
o sid e) have been re p o r te d  in  s e v e ra l  brown a lgae '^^ . A C -m ethyl-
in o s i to l ,  l a m in i to l ,  has been found in  L am inaria  sp e c ie s  and t r a c e
q u a n t i t ie s  o f  su c ro se , g a la c to se  and mannose have been re p o r te d  in
SOC ladostephus sp ec ie s  .
2 . O ther m ain ly  w a ter so lu b le  carb o h y d ra tes
a) Food re s e rv e  m a te r ia l
Laminaran
Lam inaran, a  0 -1 ,3 - l in k e d  g lucan  i s  p re se n t in  most brown
51 'a lg a e  . I t s  p ro p o r tio n  o f  th e  d ry  w eight v a r ie s  b o th  w ith  th e
sp e c ie s  and w ith  th e  seaso n .
Laminaran occurs in  two forms d is t in g u is h e d  by t h e i r  s o l u b i l i t y
in  co ld  w a te r . They a re  th e r e f o r e  r e f e r r e d  to  as  " so lu b le "  and
" in s o lu b le "  lam inaran  a lth o u g h  b o th  forms d is so lv e  in  ho t w a te r .
The main d if fe re n c e  betw een th e  two forms has been found to  be th e
p resen ce  o f  branch  p o in ts ,  th e  " so lu b le "  polymer appears  to  c o n ta in
52more 1 ,3 ,6 -1 inked  g lucose  u n i t s  th a n  th e  " in s o lu b le "  .
Laminarans have been found to  have a f a i r l y  low m o lecu lar w eight
(norm ally  in  th e  re g io n  o f  4--5000) » and ev idence fo r  1 ,6 - lin k e d
52g lucose  w ith in  th e  ch ains has been re p o r te d  .
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Complete h y d ro ly s is  o f  lam inaran  gives g lucose  as th e  s o le  su g a r .
With b e t t e r  s e p a ra t io n  and m o n ito rin g  tech n iq u es  m ann ito l was found
to  be a  c o n s t i tu e n t  o f th e  lam inaran  from some s p e c ie s^ ^ . F u r th e r
s tu d ie s  showed th a t  th e s e  m annito l re s id u e s  te rm in a te  some o f  th e
polymer chain s th rough  a  g ly c o s id ic  lin k a g e  to  one o f mannitol^s
p rim ary  hydroxyl g ro u p s. The m olecules o f lam inaran  te rm in a te d  by
m annito l re s id u e s  a re  c a l le d  M -chains, w hile  th e  rem ain ing  m olecules
te rm in a te d  by re d u c in g  g lucose  re s id u e s  a re  c a l le d  G -ch ain s. By
d e te rm in in g  th e  y ie ld  o f form aldehyde l ib e r a te d  by periodate*
o x id a tio n  o f th e  lam inaran  b e fo re  and a f t e r  re d u c tio n  th e  M -chain and
54G—ch ain  co n ten t can be c a lc u la te d  .
I t  seems th a t  lam inaran  i s  no t a  s in g le  m o lecu lar sp e c ie s  bu t 
th a t  th e  name covers a  whole range o f  e s s e n t i a l ly  l i n e a r  0 -1 ,3 - lin k e d  
g lu c an s , in  some o f which th e  re d u c in g  end i s  te rm in a te d  by a m annito l 
re s id u e  w hile  o th e rs  have re d u c in g  g lucose  u n i t s .  Laminaran from 
some sp e c ie s  i s  a m ix tu re  o f  th e s e  two ty p e s  w hile  o th e r  sp ec ie s  a re  
devoid  o f  m a n n ito l. Furtherm ore th e  p resen ce  o f  C -6 -lin k ag es  w ith in  
th e  ch ain s and C-6 branch  p o in ts  seems to  determ ine th e  s o l u b i l i t y  o f 
th e  p o ly sac c h a rid e  in  co ld  w a te r .
b) O ther s o lu b le  p o ly sac c h a rid e s  
Fucoidan
Fucoidan l ik e  a lg in ic  a c id  i s  one o f th e  p r in c ip a l  p o ly sac c h a rid e s
o f  brown a lg a e .  H y d ro ly sis  o f fu co id an  g iv es  m ain ly  fu c o se , bu t
g a la c to s e , x y lo se  and u ro n ic  a c id s  have a lso  been found . A fu co idan
f r e e  from any o th e r  su g ar u n i t s  has so f a r  never been i s o la t e d .
55In  a  h ig h ly  p u r i f i e d  sample from H im anthalia  lo re a  f o r  in s ta n c e , th e  
fu co se  co n ten t was found to  be 57^y su lp h a te  38^, g a la c to s e  4%, 
x y lo se  1 .5^  and u ro n ic  a c id  c a . 3^.
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A lk a li tre a tm e n t o f a  fu co id an  from Fucus v e s ic u lo s u s^ ^ (fucose  
38^  and su lp h a te  33^) in d ic a te d  th a t  about 10^ o f th e  e s te r  su lp h a te  
groups were a l k a l i  l a b i l e ,  th u s  showing th a t  o n ly  a  sm all p ro p o r tio n  
o f th e  su lp h a te  groups were l in k e d  to  C-2 o r C-3 o f a  1 ,4 - l ih k e d  fucose 
re s id u e .  I t  shows th a t  th e  main b u lk  o f th e  L -fucopyranose u n i t s  
cannot be 1 ,4 - lin k e d  as t h i s  would re n d e r su lp h a te  groups a l k a l i  
l a b i l e .  M éth y la tio n  s tu d ie s  o f  th e  m a te r ia l  in d ic a te d  th a t  th e  main 
s t r u c tu r a l  f e a tu re  o f t h i s  p o ly sac c h a rid e  i s  1 ,2 - lin k e d  fucose  u n i ts  
m ono-sulphated a t  C-4 (m ainly) b u t a ls o  d isu lp h a te d  a t  C-3 and C-4# 
L a te r  work on fu co id an  confirm ed t h i s  s t r u c tu r e  bu t a t  th e  same 
tim e in d ic a te d  th a t  th e  o th e r  sugar re s id u e s  p re se n t might c o n s t i tu te  
an in te g r a l  p a r t  o f  th e  fu co id an  m acrom olecule. The h e te ro g e n e ity  o f
th e  fu co id an  has been shown by f r e e  boundary e le c tro p h o re s is  on th e
57m a te r ia l  e x tra c te d  from Fucus v e s ic u lo su s  and from Ascophyllum
58nodosum two bands were observed  in  th e  form er case and th e  l a t t e r  
— — — —  r
showed th re e  components.
58E x tra c ts  from Ascophyllum nodosum and o th e r  brown a lg ae  
su g g ested  th a t  th e  amount o f  o th e r  sugar re s id u e s  p re se n t in  th e  
fu co idans no t on ly  v a r ie d  from sp e c ie s  to  sp e c ie s  bu t a lso  from sample 
to  sample in  th e  same sp e c ie s  depending on th e  method o f e x t r a c t io n  
o r  f r a c t io n a t io n .
58D ilu te  sodium hydroxide tre a tm e n t o f  Ascophyllum nodosum 
a f t e r  removal o f th e  d i lu te  a c id  so lu b le  p o ly sa c c h a r id e s , gave a 
m ix tu re  o f  a lg in ic  a c id  and g lu cu ro n o x y lo fu can s.
G lucuronoxylofucans
These p o ly sac c h a rid es  c o n ta in  v a ry in g  p ro p o rtio n s  o f fu co se , 
x y lo se , f a i r l y  h igh  amounts o f  g lu c u ro n ic  a c id  and h a l f  e s t e r  s u lp h a te . 
The a lg in ic  a c id  in  th e  above m entioned experim ent was removed by
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pH ad ju s tm en ts , and th e  g lucuronoxylofucans were reco v ered  by f r a c t io n a l  
p r e c ip i t a t io n  o f th e  s u p e rn a ta n t . The m ajor f r a c t io n ,  c a l le d  
a sco p h y llan , co n ta in ed  ap p ro x im ate ly  25^  fu c o se , 26^  x y lo se , 19^ 
u ro n ic  a c id , 13^ su lp h a te  and 12^ p r o te in .  Two sm a lle r  equal 
f r a c t io n s  and P^ d i f f e r  from a sco p h y llan  on ly  in  th e  r e l a t i v e  
p ro p o rtio n  o f  th e  c o n s t i tu e n ts ,  a l l  th re e  f r a c t io n s  gave s im ila r  
chrom atographic p a t te rn s  on h y d ro ly s is  a lth o u g h  v a r ia t io n  in  th e  
i n t e n s i ty  o f  v a rio u s  p ro d u c ts  was a p p a re n t.
A ttem pts to  f r a c t io n a te  th e  p o ly p e p tid e  from th e  carbohydrate  
in  a sco p h y llan  were u n su cc e ss fu l and t h i s  su g g ested  a chem ical lin k ag e  
betw een th e  two m o ie t ie s . M ild h y d ro ly s is  o f  a sco p h y llan  w ith  O .5M 
o x a lic  a c id  c leaved  p e p tid e  as w ell as g ly c o s id ic  lin k a g e s  o f th e  
p o ly sac c h a rid e  g iv in g  a m ix tu re  o f  d ia ly s a b le  mono- and o lig o ­
sac c h a rid e s  and non d ia ly s a b le  degraded p o ly sa c c h a r id e . The l a t t e r  
co n ta in ed  alm ost a l l  th e  u ro n ic  a c id  p re se n t in  th e  p o ly sacch a rid e  
bu t was alm ost devoid  o f fu c o se , x y lo se  and h a l f  e s t e r  s u lp h a te .
These r e s u l t s  s tro n g ly  in d ic a te d  th a t  a sco p h y llan  i s  com prised o f a 
g lu c u ro n ic  a c id  back-bone to  which r e l a t i v e  long  s id e  ch ain s o f  
su lp h a te d  fucose  and x y lo se  re s id u e s  a re  a t ta c h e d .
E x tra c t io n  o f Ascophyllam nodosum^^ w ith  ammonium o x a la te /o x a l ic  
a c id  a t  pH 2 .8  ( a f t e r  a c id  and a l k a l i  e x tra c tio n )  gave a m ix tu re  o f  
a lg in ic  a c id  and a g lucuronoxylofucan  c o n ta in in g  49^ fu co se , 10^ 
x y lo se , 12^ u ro n ic  a c id , 21^ su lp h a te  and 4^ p r o te in .  A fte r  
rem oving th e  a lg in ic  a c id  as th e  in s o lu b le  calcium  s a l t ,  f r a c t io n a t io n  
o f  th e  g lucuronoxylofucan  proved im p o ss ib le . The p o ly sac c h a rid e  was 
a u to -h y d ro ly sed  in  a  d ia ly s i s  tu b e  and th e  degraded polymer was found 
to  c o n ta in  fu co se , xy lo se  and g lu cu ro n ic  a c id  in  th e  m olar p ro p o r tio n s  
o f  3 . 5 : 1 :2 .5»  I t  was th e re fo re  concluded th a t  t h i s  p o ly sacch a rid e
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does no t have a g lu c u ro n ic  a c id  hack-bone. A m ajor o lig o sa c c h a r id e  
p re se n t in  a  p a r t i a l  a c id  h y d ro ly sa te  from t h i s  p o ly sacch a rid e  was 
c h a ra c te r is e d  as 3-0-(P--I>“g luco p y ran o sy l)-L -fu co se#
Recent s tu d ie s  on H im anthalia  lo r e a , E i fu rc a r ia  h i f u r c a ta  and
Padina pavon ia^^ in  t h i s  la b o ra to ry  in d ic a te  as do p rev io u s
experim ents th a t  th e  g lucuronoxylofucans com prise a  whole fam ily  o f
p o ly sa c c h a r id e s . F ra c t io n a t io n  o f  d i f f e r e n t  e x t r a c ts  on D E -ce llu lo se
columns le d  to  th e  i s o la t io n  o f h ig h ly  su lp h a ted  m a te r ia ls  hav ing  a
h ig h  co n ten t o f  fu co se , polym ers hav ing  a h ig h  co n ten t o f g lu cu ro n ic
a c id  and low co n ten t o f fucose  and su lp h a te , and p o ly sac c h a rid es  w ith
p ro p o r tio n s  o f  sugars  and su lp h a te  between th e  two ex trem es. In  fu tu re  
fu co id an s  and g lucuronoxylofucans a re  c a l le d  " fu c a n s" .
A lg in ic  a c id
A lg in ic  a c id , a P -1 ,4 - lin k e d  p o ly u ro n ic  a c id , i s  lo c a te d  m ain ly
in  th e  m iddle la m e lla  and in  th e  p rim ary  c e l l  w a ll o f  most brown
a lg a e ^ ^ '^ ^ . I t  c o n s is ts  o f from 14-40 p e r cent o f  th e  weeds* d ry
w eight depending on th e  sp e c ie s  and th e  season , th e  co n ten t seems to
be sm a lle r  when th e  a lg ae  undergo ra p id  grow th. The a lg in a te  i s
b e lie v e d  to  a c t  as a c a tio n  exchangerand as such i t  q u ic k ly  comes in to
e q u ilib r iu m  w ith  th e  s a l t s  in  th e  su rro u n d in g  sea  w a te r^^ . The
a lg in a te  i s  p re se n t as th e  s a l t  o f  a  m ix ture  o f  c a t io n s , bu t th e
calcium  co n ten t i s  h ig h  enough to  keep i t  in s o lb u le .  A lg in a te s  form
g e ls  w h ich ,u n lik e  th e  a g a rs , a re  not formed o r m elted  by tem p era tu re
changes bu t by a change in  th e  c o u n te r - io n . S e t t in g  i s  induced by th e  
2+a d d it io n  o f Ca - io n s  whereas removal o f th e se  ions o r replacem ent 
w ith  an a lk a l i -m e ta l  ion  such as ITa’*' "m elts"  th e  g e l .  A lg in ic  a c id  
i s  no rm ally  e x tra c te d  w ith  d i lu te  sodium carb o n ate  and p u r i f ie d  by 
p r e c ip i t a t io n  e i th e r  in  a lco h o l o r as th e  calcium  s a l t .  A lthough 
th e  p resence  o f D-mannuronic acid and i t s  la c to n e^ ^  and th e  f a c t  th a t
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a l g i n i c  a c id  was found to  have an u ro n ic  a c id  con ten t o f  100% was 
e s t a b l i s h e d  n e a r ly  50 y ea rs  ago, i t  was no t t i l l  com para tive ly  
r e c e n t l y  t h a t  th e  s t r u c t u r e  was more f u l l y  unders tood^^ . This was 
m ainly  due to  th e  a l g in a t e s  marked r e s i s t a n c e  to  h y d ro ly s is  under 
c o n d it io n s  t h a t  do not d e s t ro y  th e  p roduc ts  and th e  f a c t  t h a t  
m é th y la t io n  tech n iq u es  were d i f f i c u l t  to  use due to  th e  p resence  o f  
th e  carboxyl g ro u p s .
I t  was d isco v e red  in  1955 t h a t  th e  D-mannuronic a c id  5—epimer
f\H
L -g u lu ro n ic  a c id ,  was a  second component o f  a l g i n i c  a c id  .
P e r io d a te  and bromine o x id a t io n  o f  a l g i n i c  a c id  fo llow ed  by h y d ro ly s is  
gave bo th  t h r e a r i c  and e r y t h r a r i c  a c id ,  confirm ing  t h a t  bo th  u ro n ic  
a c id  r e s id u e s  a re  1 ,4 - l i n k e d .  That bo th  a c id s  were p re s e n t  in  a  s in g le  
molecule was shown by p a r t i a l  h y d ro ly s is  o f  a  sample in  which th e  
u ro n ic  a c id s  had been reduced  to  th e  co rrespond ing  sugars  and th e  
i s o l a t i o n  o f  manncsylgulose^^. In fo rm a tio n  about th e  sequence of 
u ro n ic  a c id  r e s id u e s  in  th e  a lg i n a t e  molecule was o b ta in ed  by 
heterogeneous h y d r o ly s i s .  Treatment o f  sodium a lg in a t e  from 
Lam inaria  d i g i t a t a ^ ^ w ith  M -oxalic  a c id  f o r  10 hours a t  lOO^C 
hydro lysed  p a r t  o f  th e  p o ly sacch a r id e  to  o l ig o s a c c h a r id e s  le a v in g  an 
in s o lu b le  r e s id u e .  The h y d ro ly s is  was re p e a te d  and th e  d e r iv e d  
re s id u e  was hyd ro lysed  a t h i r d  t im e .  From th e  f a c t  t h a t  th e  f i r s t  
h y d ro ly s is  gave a  more r a p id  d ep o ly m erisa t io n  th a n  th e  o th e r  two i t  
was concluded t h a t  th e  molecule was made up o f  p a r t s  w ith  d i f f e r e n t  
s t r u c t u r e s .  The f i n a l  r e s i s t a n t  polymer was s e p a ra te d  in to  a 
so lu b le  and an in s o lu b le  f r a c t i o n  by a d ju s t in g  th e  pH to  2.85 in  
d i l u t e  sodium c h lo r id e  s o lu t i o n .  Both f r a c t i o n s  had DP v a lu es  o f  about 
20, bu t th e  so lu b le  f r a c t i o n  was made up alm ost e n t i r e l y  o f  mannuronic 
and th e  in s o lu b le  f r a c t i o n  o f  g u lu ro n ic  a c id  r e s id u e s .  The f i r s t  
h y d ro ly sa te  co n ta ined  bo th  mannuronic and g u lu ro n ic  r e s id u e s  to g e th e r
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w ith  d iw ro n id es . The major d iu ro n id e so f  th e  f i r s t  te n -h o u r  p e r io d  
was thought to  he a  m annuronic-guluronic  a c id  dimer w hile  th e  major 
d iu ro n id es  o f  th e  l a s t  two p e r io d s  were thought to  he composed o f  
dimannuronic and d ig u lu ro n ic  a c id  r e s id u e s .
The conclus ion  drawn from t h i s  experiment was t h a t  th e  a l g i n i c
a c id  i s  b u i l t  up o f  b locks  o f  mannuronic and g u lu ro n ic  a c id  u n i t s ,
s ep a ra te d  by s e c t io n s  o f  a l t e r n a t i n g  g u lu ro n ic  and mannuronic a c id
r e s id u e s .  The p ro p o r t io n  o f  th e  two components depend on th e
sp ec ie s  and on th e  re g io n  o f th e  p la n t  from which th e  a lg in a t e  i s
e x t r a c te d  as  w ell as th e  season . X-ray work^^ has shown t h a t  th e
mannuronic a c id  reg io n s  form a t h r e e - f o l d  h e l i x  w ith  th e  same type  o f
reg io n s  from o th e r  c h a in s ,  w hile  th e  g u lu ro n ic  a c id  reg io n s  form a
2+tw o -fo ld  rod  l i k e  h e l i x  where th e  Ca ions can re p la c e  hydrogen bonds 
to  s t i f f e n  th e  chains  which th e n  ag g rega te  and become ju n c t io n s  in  th e  
netw ork. The mannuromn o r a l t e r n a t i n g  segments cannot p a r t i c i p a t e  
in  t h i s  ty p e  o f  complex and c o n s t i t u t e  th e  f l e x i b l e  p a r t  o f  th e  
netw ork. This o b se rv a t io n  c o r r e l a t e s  w ith  th e  b io lo g i c a l  occurrence  
o f  th e s e  polym ers. The m»jinuronan con ten t o f  a lg in a te s  i s  h ig h e r  in  
th e  t i s s u e s  undergoing growth and expansion whereas th e  support 
t i s s u e s  a t  th e  p la n t  base  have a  g r e a t e r  p ro p o r t io n  o f  th e  r i g i d  
guluronan'^^.
3 . S t r u c tu r a l  p o ly sacch a r id es  
C e l lu lo se
A sm all p ro p o r t io n  o f  c e l l u lo s e  seems to  be a  g en e ra l  s t r u c t u r a l  
p o ly sacch a r id e  in  th e  brown a lg a e .  Evidence f o r  p - 1 ,4 - l in k e d  g lucose  
u n i t s  has been o b ta ined  and p e r io d a te  s tu d ie s  excluded th e  p resence  o f
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711 ,3 -  and 1 ,6 - l in k a g e s  • From th e  same experim ents a  cha in  le n g th
72o f  about 160 was found. X-ray d i f f r a c t i o n  s tu d ie s  gave th e  same 
p a t t e r n  as t h a t  o f  normal c e l l u lo s e  which shows th e  c e l l u lo s e  chains  
to  form a s ta c k  o f  p a r a l l e l  c h a in s .  The s ta c k s  a s s o c ia te  to  form 
m ic r o f i b r i l s  by hydrophobic c o n ta c ts  and in te r ra o le cu la r  hydrogen 
bonding.
G . l . c .  Mass sp ec tro m e try  as  used in  th e  I d e n t i f i c a t i o n  of 
M ethylated  Sugar D e r iv a t iv e s
The ro u t in e  method f o r  a n a ly s in g  th e  a l d i t o l  a c e t a t e s  o f
71p a r t i a l l y  m ethy la ted  sugars  i s  by g . l . c .  -  m .s .  . The method of 
i o n i s a t i o n  norm ally  used  i s  th e  e le c t r o n  impact (e i ) p rocess  which 
i s  th e  method used  th roughout most o f  th e  p re sen t  work. In  t h i s  
p rocess  an e l e c t r o n  beam i s  i n t e r a c t i n g  w ith  th e  o rgan ic  m olecules 
a t  low p r e s s u r e .  The e l e c t r o n  beam has an e le c t r o n  energy which 
i s  s u f f i c i e n t  to  cause io n i s a t i o n  of th e  molecule and, in  many case s ,  
d eg rad a tio n  to  sm a l le r  fragment io n s .  Because o f  t h i s  d e g ra d a t io n  
th e  m o lecu lar  ions  can seldom be observed in  EI s p e c t r a  o f  p a r t i a l l y  
m ethy la ted  a l d i t o l  a c e t a t e s .  This problem can be overcome by 
u s in g  a d i f f e r e n t  i o n i s a t i o n  method; chemical i o n i s a t io n  ( C l ) •
Cl mass s p e c t r a  r e s u l t s  from th e  ion-m olecule  r e a c t io n  t h a t  occurs 
between a low p re s su re  sample gas and th e  p rim ary  ions o f  a h igh  
p re s su re  r e a c ta n t  g a s .  Typical p re s su re s  a re  10 ^ and 0 .3 -3  Torr 
r e s p e c t iv e ly .  Both gases a re  in tro d u ced  in to  th e  io n  chamber where 
th e y  a re  bombarded by an e l e c t r o n  beam, but because o f  th e  v e ry  low 
abundance o f  th e  sample, i n i t i a l l y  a l l  p rim ary  io n iz a t io n  occurs 
to  th e  r e a c ta n t  g a s .  The io n is e d  r e a c ta n t  gas undergoes io n -  
molecule r e a c t io n s  w ith  i t s e l f  to  form a s t e a d y - s t a t e  plasma which
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i n  t u r n  r e a c t s  chem ica lly  w ith  th e  d i l u t e  sample g a se s .  The p rocess  
r e s u l t s  in  fragment and product ions  c h a r a c t e r i s t i c  o f  th e  unknown 
sample. In  th e  experim ents d e sc r ib e d  in  t h i s  t h e s i s  th e  r e a c ta n t  
gas i s  isobu tane  and th e  ion-m olecu le  r e a c t io n  r e s u l t s  in  th e  t r a n s f e r  
o f  a  p ro to n  to  th e  sugar d e r i v a t i v e s .  In  th e  Cl mass s p e c t r a  o f  th e se  
compounds th e  m olecu lar  weight p lu s  a  p ro to n  io n  (M+1) and no t th e  
m o lecu lar  weight ion  (m) w i l l  t h e r e f o r e  be observed . As an example 
the-m ass spectrum  of th e  a l d i t o l  a c e t a t e  o f  2 , 3 , 4 - tr i -O -m e th y lx y lo se  
i s  shown in  f i g .  4» Spectrum (a) i s  reco rd ed  by th e  EI and spectrum
(b) by th e  Cl method.
While m ass/charge i . e .  m/e = l6 l  i s  th e  h ig h e s t  reco rded  mass 
ion  in  th e  EI spectrum , m/e = 279, th e  M+1 ion , can be observed in  
th e  Cl spectrum .
The breakdown p a t t e r n  o f th e  two s p e c t r a  can be ex p la in ed  as 
fo llow s :
The EI spectrum . -  I t  i s  a  w ell known f a c t  t h a t  th e  p rim ary  fragm ents 
from a l d i t o l  a c e ta t e s  a re  formed by a -c lea v a g e ,  r e s u l t i n g  in  f i s s i o n  
between th e  carbon atoms in  th e  a l d i t o l  chain  and t h a t  th e  i n t e n s i t i e s  
o f  th e  p rim ary  fragm ents  d ecrease  w ith  in c re a s in g  m o lecu lar  w eigh t. 
F i s s i o n  between an a c e to x y la te d  and a  m ethoxylated carbon atom occurs 
r a t h e r  th a n  f i s s i o n  between two a c e to x y la te d  carbon atoms and th e  
m ethoxylated carbon atom c a r r i e s  th e  p o s i t i v e  charge . Thus, f i s s i o n
(a) and (b) in  f i g .  5 a re  more im portan t th a n  f i s s i o n  (c) and ( d ) .
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Mass s p e c t r a  o f  1,5 “< ii-2 .-ac e ty l-2 ,3 ,4 - t r i -O - in e th y l  x y l i t o l
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As th e  m ethoxylated r a d i c a l  formed in  (a) has heen shown to  
he more s t a b l e  th a n  th e  a c e to x y la te d  r a d ic a l  formed in  (b) th e  
former f i s s i o n  i s  favoured . This i s  well i l l u s t r a t e d  in  th e  
p re sen t  exam ple,the  p rim ary  fragm entâ t ions observed in  th e  E I  
spectrum a re  shown in  th e  form ula below
CHpOAc
ÎHOMe
CHOMe 
jîHOMe 
CH OAc
161
117
?4
This means t h a t  on ly  th e  f i s s i o n s  "between m ethoxylated carbon 
atoms can be observed •’"n t h i s  spectrum . The ^on m/e = 101 i s  
formed by lo s s  o f  a c e t i c  a c id  in  a secondary frag m en ta t io n  as 
shown below
+  ’ +
HC = OMe HC =  OMe
1 -  AcOH
H -  C -  OMe   ^  C -  OMe
f ^ \  II
AcO — CHp CHg
m/e = l6 l  m/e = 101
The base peak in  th e  spectrum as  in  a l l  a l d i t o l  a c e t a t e  
s p e c t ra  i s  th e  ace ty lium  ion  m/e = 4 3  (CH^C — O) .
The Cl Spectrum. -  The main f rag m en ta t io n  p a t t e r n  in  t h i s  example 
i s  th e  lo s s  o f  a c e t i c  a c id  from th e  M + 1  ion , fo llow ed by th e  lo s s  
o f  an o th er  a c e t i c  a c id  molecule as  shown in  f i g .  6.
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m/e = 219 m/ e = 159
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ïïi/e = 247 F ig u re  6
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o th e r  f rag m en ta t io n  p a t t e r n s  a re  th e  lo s s  of methanol from th e  
M + 1  ion , as w ell as th o se  observed in  th e  E 1 spectrum . The 
ions p re se n t  in  g r e a t e s t  q u a n t i ty  m/e = 4 3  and 57, a re  m ainly due to  
th e  isobu tane  g as .
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C h a p ter  I I
GEMERAL METHODS
I .  P h y s ic a l  Techniques
( i )  E vapora tions  were c a r r i e d  out under reduced p re s su re  between 
30 and 45°C.
( i i )  The w a te r  used  in  a l l  experim ents was d e io n is e d .
( i i i )  M elt in g  p o in ts  were determ ined on a  Gallenkamp micro 
m e l t in g  p o in t  a p p a ra tu s .
(iv )  D ia ly s i s  o f  s o lu t io n s  was perform ed in  V isk ing  ce llophane  
tu b in g  a g a in s t  d i s t i l l e d  w a ter w ith  to lu e n e  added as  a  
h a c t e r i o s t a t .
(v) S p e c i f ic  r o t a t i o n s  were measured in  a  1 dm p o la r im e te r  tube  
u s in g  a  Perk in-E lm er 141 p o la r im e te r .  A ll  measurements were 
made in  aqueous s o lu t io n  u s in g  th e  sodium D - l in e .
(v i)  Unless o therw ise  s t a t e d  a l l  r e s i n  used  was A m b erl i te .
( v i i )  F reeze  d ry in g  samples were f i r s t  f ro ze n  in  a  c a r d i ce—acetone  
m ix tu re  b e fo re  b e in g  p la ce d  on th e  f r e e z e - d r i e r .
( v i i i )  A ll  s o lu t io n s  and h y d ro ly s a te s  were f i l t e r e d  th rough
m i l l i p o r e  f i l t e r s  ( 0 .45^^) b e fo re  q u a n t i t a t i v e  d e te rm in a tio n s .
I I ,  Acid H ydro lysis
( i )  Formic Acid method
The sample was d is so lv e d  in  90% form ic a c id  and s o l i d  carbon 
d io x id e  added to  g ive  an i n e r t  a tm osphere . The tube  was s e a le d  and 
h ea te d  f o r  6 hours a t  100°C. The h y d ro ly sa te  was d i l u t e d  w ith  w ater 
(5 v o l . )  and h e a te d  a t  100°C f o r  a  f u r t h e r  two h ours ,  to  hyd ro ly se  th e  
formyl e s t e r s .  The s o lu t io n  was evaporated  to  dryness and r e s id u a l  
form ic a c id  removed by c o d i s t i l l a t i o n  w ith  m ethanol.
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( i i )  72% S u lphuric  Acid"*
Cold 72% s u lp h u r ic  a c id  was added to  th e  sample and th e
m ixture  l e f t  a t  room tem pera tu re  f o r  one h o u r .  Water (lO vo ls) was
o
added w ith  coo lin g  and th e  s o lu t io n  h ea ted  a t  100 C f o r  4 h o u rs .
A f te r  c o o lin g  th e  a c id  was n e u t r a l i s e d  w ith  barium carb o n a te .
I I I .  Chromatography
( i )  Paper Chromatography u s in g  th e  fo l lo w in g  so lv en t  systems 
f o r  descending  chromatography ( v / v ) .
(a) E thy l A ce ta te  : a c e t i c  a c id  : form ic a c id  ; w a te r
(1 8 :3 :1 :4 ) .
(b) n -b u tan o l  : p y r id in e  : w a ter  (6 :4 :3 ) •
(c) n -b u tan o l  : e thano l : w a ter  (4 0 :1 1 :1 9 ) .
Whatman Mo.1 Paper was used  f o r  q u a l i t a t i v e  work. For 
p r e p a ra t iv e  paper chromatography Whatman Mo. 3 MM o r  Mo.17 
paper was u sed .
( i i )  lo n o p h o re s is . The Shandon h igh  v o l ta g e  e le c t ro p h o r e s i s  
ap p a ra tu s  L24 was used  w ith  Whatman Mo. 3 MM paper and th e  fo l lo w in g  
e l e c t r o l y t e s  :
2
(a) Borat e
0,2M-Sodium b o ra te  in  w a ter  a d ju s te d  to  pH 10 w ith  
sodium hydrox ide . E le c t ro p h o re s is  was c a r r i e d  out 
f o r  1.5 h .  a t  2 .5  kv. The n o n -m ig ra t ing  marker was 
2 , 3 , 4 , 6 - t  e t ra -0-m ethy l-JV glucos  e .
(b) P y r id in e /A c e t ic  a c id ^
P y r id in e  (1 -1 i t r e )  a d ju s te d  to  pH 6 .8  w ith  5% a c e t i c  
a c id  in  w a te r .  The e le c t ro p h o r e s i s  was c a r r i e d  out 
f o r  2 .0  h a t  3 .0  kv . Glucose was th e  non-m ig ra t ing  
m arker.
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(c) Borate  w ith  Calcium ions'^
0 . 0 1M-Sodium t e t r a b o r a t e  (borax) in  w ater  c o n ta in in g  
0 ,005M-calcium c h lo r id e  (pH 9 .2 ) .  E le c t ro p h o re s is  was 
c a r r i e d  out f o r  2 .0 h a t  0 .5  mA/cm.
IV. S ta in in g  Reagents
( i )  S i l v e r  n i t r a t e  d i p .^
Three s o lu t io n s  th rough  which th e  paper was s e q u e n t i a l l y
d ipped .
(a) S a tu ra te d  aqueous s i l v e r  n i t r a t e  s o lu t io n  (2 .5  ml) and
w ater  (10 ml) in  ace tone  500 ml.
(b) Sodium hydroxide (20 g) in  w ater  (40 ml) and e thano l
(960 m l ) .
(c) 10% aqueous sodium th io s u lp h a te .  • -------
( i i )  (a) A n il in e  o x a la te  sp ray ^
A n il in e  o x a la te  (25 g) in  50% aqueous e th an o l ( l b ) .
(b) A n il in e  o x a la te  sp ray
A n i l in e  o x a la te  (25 g) in  g l a c i a l  a c e t i c  a c id  (1L).
g
( i i i )  Heptose Spray
The paper i s  sp rayed  s u c c e s s iv e ly  w ith  th e  fo l lo w in g : -
(a) 0.03M sodium p e r io d a te  in  pH 3 .6  0.2M a c e t a t e  b u f f e r .
(b) a f t e r  1 min, 1% aqueous i n o s i t o l ,
(c) ammonium a c e t a t e  (15 g) a c e t i c  a c id  (0 .2  ml) 
a c e ty la c e to n e  ( l  ml)
in  methanol (50 ml) .
A yellow  co lo u r  develops a f t e r  30 minutes a t  room te m p e ra tu re .
( iv) Glucose oxidase^
'G lu co s ta t*  k i t  (W orthington Biochemical Company) made up 
a s  d i r e c t e d .  A p ink  co lo u r  in d ic a t in g  P-B-glucose develops a f t e r  5 min 
a t  room te m p e ra tu re .
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(v) G alac tose  oxidase^
'G alac tose*  k i t  (W orthington Biochemical Company) made up 
as  d i r e c t e d .  A p ink  co lou r  in d ic a t in g  D -ga lac to se  develops a f t e r  5 min. 
a t  room tem p e ra tu re .
(v i)  Urea h y d ro c h lo r id e ^^
Urea (10 g) in  e th an o l (200 ml) and co n ce n tra te d  h y d ro c h lo r ic  
a c id  (8 ml) in  w ater  (32 ml) . A b lu e  co lo u r  s p e c i f i c  f o r  k e to se s
develops a f t e r  5 minutes a t  100°C.
( v i i )  Minhydrin
A f r e s h l y  made s o lu t io n  o f  n in h y d rin  (2g) in  e th an o l (lOO ml).
A b lu e  co lo u r  s p e c i f i c  f o r  amino a c id s  developed a f t e r  5 min. a t  70°C.
V. Gas L iqu id  Chromatography ( g . l . c . )  _____
A. In s tru m e n ta t io n
( i )  A Pye Argon gas chromatograph w ith  an Argon io n i s a t i o n  
d e te c to r ,  and d ry  argon as  c a r r i e r  gas was used  f o r  th e  m ethy la ted  
m e th y lg ly co s id es .  Glass columns ( l  m x 5 mm) ( i )  and ( i i ) .
( i i )  A Pye 104 gas chromatograph w ith  n i t r o g e n  c a r r i e r  gas and 
flame i o n i s a t i o n  d e te c to r  w ith  g la s s  columns (3 m x 5 mm). Column
( i i i )  f o r  th e  liVIS d e r iv a t iv e s  o f  th e  sugars  and a l d i t o l s .  Column
(iv )  f o r  th e  m ethy la ted  a l d i t o l  a c e t a t e s .
( i i i )  A Perk in-E lm er F I 1 gas chromatograph w ith  flame io n i s a t io n  
d e te c to r  and helium  gas w ith  a g la s s  column (4 m x 1.6 mm) (Column v) .
B. The columns were packed w ith  th e  fo l lo w in g  m a te r ia l s
( i )  Butane 1,4  d io l s u c c in a te  p o ly e s t e r ,  15% on s i l a n e  t r e a t e d  
C e l i t e .
( i i )  Polyphenyl e th e r  (P .P .E .)  m-bis(m-phenoxy)-benzene 10% 
on s i l a n e - t r e a t e d  C e l i t e .
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( i i i )  Apiezon K, 7.5% on s i l a n e  t r e a t e d  chromosorb W.
(iv )  OV 225 , 3% on Gaschrom Q.
(v) OV 225; 3% on Gaschrom Q.
C. Gas Chromatograpy l in k e d  to  Mass sp ec tro m e try
Two d i f f e r e n t  in s tru m en ts  have been used  d u r in g  th e se  i n v e s t ig a t i o n s ,  
( i )  The F 11 gas chromatograph was coupled v ia  an  a l l  g la s s  system 
th rough  a Watson-Biemann s e p a ra to r  to  a  H ita c h i  RMS-4 mass sp ec tro m e te r .  
Mass s p e c t r a  o f  p a r t i a l l y  m ethy la ted  a l d i t o l  a c e t a t e s  were o b ta in ed  by 
o p e ra t in g  th e  ' i o n  s o u rc e '  a t  230°C, 50 eV and 80 t a r g e t  c u r r e n t .
( i i )  A Pye IO4 gas chromatograph w ith  helium c a r r i e r  gas was 
coupled to  a  VG' Micromass 12F mass sp ec tro m e te r  w ith  a  t o t a l  ion  
m onitor d e te c to r  system . For E l  s p e c t r a  th e  ' i o n  s o u rc e '  was o p e ra ted  
a t  about 200°C, 70 eV and 20yc^ t a r g e t  c u rre n t  under a  p re s s u re  o f  
10“ ^ t o r r .  For Cl s p e c t r a  th e  ' i o n  s o u rc e '  was o p e ra ted  a t  about 150°C, 
50 eV and 1000 ^ A  under a p re s su re  o f  O.4  -  O.5 t o r r  w ith  isobu tane  
as th e  r e a c ta n t  g as .
VI. Assays and Analyses
( i )  Carbohydrate Content was assayed  by th e  phenol su lp h u r ic  a c id  
method*^\ Water ( l  ml) c o n ta in in g  10-100 <^x-g sugar  was added to  4% 
phenol (1 ml) and co n ce n tra te d  su lp h u r ic  a c id  (5 ml) added r a p id ly .
The co lo u r  developed was read  a t  4^7 rim on a Uni cam SP500. S tandard  
graphs were p re p a red  f o r  d i f f e r e n t  sugars  and m ix tu res  o f  sugars  in  th e  
r a t i o s  co rrespond ing  to  th o se  o f  th e  p a r t i c u l a r  p o ly sa c c h a r id e .
( i i )  Uronic a c id  d e te rm in a t io n  was c a r r i e d  out by t h r e e  d i f f e r e n t  
methods.
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12(a) The m odified  ca rh azo le  r e a c t io n
A s a tu r a t e d  aqueous s o lu t io n  ( l  ml) o f  benzo ic  a c id ,  
c o n ta in in g  4-40  u ro n ic  a c id  was la y e red  onto co n ce n tra te d  s u lp h u r ic  
a c id  (5 ml) c o n ta in in g  0,025  M sodium t e t r a b o r a t e  in  an ic e  b a th .
Keeping th e  tem pera tu re  below 4°C th e  two la y e r s  were mixed. The 
m ix ture  was warmed to  room tem pera tu re  and th e n  h e a te d  in  a  b o i l i n g  
w a ter  b a th  f o r  20 m inu tes .  A f te r  co o lin g  0.125% carb azo le  in  a n a la r  
methanol (2 0 0 ^ 1 )  was added and th e  tubes  h ea te d  a t  100°C f o r  a  f u r th e r  
15 m in u tes .  The co lo u r  which developed was read  a t  530 nm on a 
Unicam SP500. S tandard  graphs f o r  d i f f e r e n t  a c id s  were p re p a re d .
(b) A second m odified  ca rbazo le  reac tion" '^
This method was used  f o r  de te rm in ing  th e  com position 
o f  u ro n ic  a c id  m ix tu re s .  The samples ( c o n ta in in g  10-70 ^ g  o f  u ro n ic  
a c id  in  1 ml,the t e s t  s o lu t io n )  were r e a c te d  a t  55° and 100°C w ith  and 
w ithou t b o ra te  s o lu t io n s .
( l )  R eac tion  w ithou t b o ra te  ( a t  55° and a t  100°).
The t e s t  s o lu t io n  (1 ml) was cooled  in  i c e .  C oncentra ted  su lp h u r ic  
a c id  (6 ml) was added and th e  s o lu t io n  re -c o o le d .  A f te r  mixing th e  
sample was h ea te d  f o r  20 min a t  th e  a p p ro p r ia te  tem pera tu re  and ag a in  
cooled  in  i c e .  A f te r  a d d i t io n  o f  th e  ca rb azo le  s o lu t io n  (200 yCASi 
0.1% s o lu t io n  in  e thanol)  th e  s o lu t io n s  were s e p a r a te ly  mixed and allow ed 
to  s ta n d  f o r  3 h f o r  co lo u r  development.
( 2) R eac tion  w ith  b o ra te  a t  100°C.
A O .IM -boric a c id  s o lu t io n  in  co n ce n tra te d  s u lp h u r ic  a c id  (6 ml) was 
cooled  in  ic e  and t h e r e a f t e r  th e  t e s t  s o lu t io n  (O.7  ml) was la y e re d  on 
to p .  A f te r  mixing and r e - c o o l in g  th e  s o lu t io n  was h ea ted  a t  100°C 
f o r  15 min and th e n  cooled  in  i c e .  T h e re a f te r  th e  ca rb azo le  reagen t
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( 2 0 0 was added. The s o lu t io n  mixed and h e a te d  f o r  an o th e r  10 min 
and coo led .
(3) R eac tion  w ith  b o ra te  a t  55°C.
The same procedure  as  above was used  except h e a t in g  b e fo re  th e  a d d i t io n  
o f  th e  ca rbazo le  reag en t  was om itted  and a f te rw ard s  th e  s o lu t io n  was 
h e a te d  f o r  30 min a t  55°C. The co lou rs  which developed were read  a t
530 nm on a Unicam SP500. S tandard  graphs f o r  d i f f e r e n t  a c id s  under
each o f  th e  c o n d i t io n s  were p re p a red .
(c) The m eta-hydroxydiphenyl method"*^
To a sample s o lu t io n  (0 .6  ml) c o n ta in in g  from I .5 to  
60/ e g  u ro n ic  ac id ^ a  0.0125M s o lu t io n  o f  sodium t e t r a b o r a t e  in  
c o n ce n tra te d  s u lp h u r ic  a c id  (3-6 ml) was added. The s o lu t io n s  were 
cooled  in  ic e  and th en  mixed and h ea te d  a t  100° f o r  5 min. A f te r  
ag a in  c o o lin g  in  ic e  th e  m-hydroxydiphenyl s o lu t io n  (50/e - l ,  0.15% 
s o lu t io n  in  0.5% sodium hydroxide) was added. The s o lu t io n s  were 
shaken and th e  absorbance measured a t  520 nm on a  Unicam SP5OO.
Standard  graphs were p rep a red  f o r  th e  d i f f e r e n t  u ro n ic  a c id s .
( i i i )  Sulphate  e s t im a t io n . The p o ly sacch a r id e  (lO mg) was d ig e s te d
in  a  s e a le d  tube  w ith  a n a la r  n i t r i c  a c id  ( l  ml p lu s  a few mg o f  sodium
c h lo r id e )  f o r  12 h a t  100°C. A f te r  ev ap o ra t io n  to  d ryness  th e
re s id u a l  s o l i d  was t r e a t e d  w ith  c o n cen tra ted  h y d ro c h lo r ic  a c id  ( l  ml)
and evapora ted  to  dryness a g a in .  The s o l i d  was t r e a t e d  w ith  w ater
and evapora ted  to  dryness and th e  tube  was th e n  p laced  in  an  oven a t
105°C f o r  2 h .  The sample was th e n  ready  f o r  su lp h a te  d e te rm in a t io n
15and th e  fo l lo w in g  m o d if ica t io n  o f  th e  Jones  and Lethan method  ^ was 
u sed .
To th e  su lp h a te  s o lu t io n s  (O.5 ml) containing-jO -iO O  yx^g o f 
su lp h a te  in  micro c e n t r i fu g e  tubes  th e  reagen t 4 -ch lo ro -4*-ara ino-d ipheny l 
(0 .5  ml o f  0 . 19% in  0.1M h y d ro c h lo r ic  ac id )  and a  t r a c e  o f  s o l i d
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hexadecyltrimethylammonium ‘bromide were added. A f te r  mixing, th e  
s o lu t io n s ,  in c lu d in g  a  b lan k , were kep t f o r  2 hours  and th e n  c e n t r i ­
fu g ed . Aliquots (0 .2  ml) o f  th e  su p e rn a ta n ts  were removed and
d i l u t e d  to  25 ml w ith  0.1M h y d ro c h lo r ic  a c id .  The o p t i c a l  d e n s i t i e s  
were re a d  a t  254 nm on a Unicam SP5OO. From a s ta n d a rd  graph th e  
d i f f e r e n c e s  over th e  b lank  re a d in g  gave th e  su lp h a te  con ten t (the 
su lp h a te  co n ten ts  quoted in  t h i s  t h e s i s  a re  always based  on th e  
carbohydrate  c o n te n t ) .
( iv )  Mitrogen and P r o te in  c o n te n t . M itrogen con ten t was 
measured by A. Bernhardt (w. Germany) and th e  p r o t e in  con ten t c a lc u la te d  
by  m u l t ip ly in g  by 6.25
(v) Molar p ro p o r t io n s  o f  sugars  were e s t im a ted  from th e  peak 
a re a s  on g . l . c .  o f  th e  TMS d e r iv a t iv e s  o f  d e r iv ed  a l d i t o l s  or 
m ethy la ted  a l d i t o l  a c e t a t e s .  S tandard  graphs were p rep a red  to  check 
th e  response  o f  d i f f e r e n t  sugars  to  th e  g . l . c .  d e te c t io n  system ,
V II .  General R eac tions  and P re p a ra t io n s
( i )  P re p a ra t io n  o f  IR 120H^ dry  form in  m ethanol. The r e s i n  
was washed w ith  w ater u n t i l  f r e e  o f  c o lo u r .  I t  was th e n  s t i r r e d  w ith  
methanol f o r  I8 h and th e n  f i l t e r e d .  This was re p e a te d  th r e e  t im es ,  
th e  t h i r d  tim e w ith  d ry  m ethanol. The r e s i n  was th e n  s to re d  under d ry  
m ethanol.
( i i )  P re p a ra t io n  o f  m ethanolic  hydrogen c h l o r id e . Hydrog.en 
c h lo r id e  gas was passed  in to  d ry  methanol u n t i l  s a t u r a t i o n  was reached . 
The s o lu t io n  was t i t r a t e d  w ith  H-MaOH and d i l u t e d  w ith  d ry  methanol as 
r e q u i r e d .
( i i i )  P re p a ra t io n  o f  dim ethyl su lp h in y l  c a rb an io n ^^. Sodium 
h y dride  ( I .5 g, 55% coated  w ith  m inera l o i l )  was washed th r e e  tim es 
w ith  n -pen tane  (30 ml) which was removed by su cc e ss iv e  evacua tions
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o f  th e  v e s s e l .  A f te r  each ev acua tion , d ry  n i t r o g e n  was passed  in to  
th e  v e s s e l .  Dry d i s t i l l e d  d im ethy lsu lphoxide  (15 ml) was added and 
th e  c o n ten ts  o f  th e  v e s s e l  h ea ted  a t  55°C u n t i l  e v o lu t io n  o f  
hydrogen ceased . The carhan ion  was t r a n s f e r r e d  to  serum b o t t l e s  and 
s to re d  a t  0°C under an atmosphere o f  n i t r o g e n .  I t s  n o rm a li ty  
(^2M) was determ ined by t i t r a t i o n  w ith  0.1M-HC1.
(iv) Methyl g ly co s id es  o f  s u g a r s . The sugar was d r ie d  in  a 
d e s ic c a to r  over c o n cen tra ted  s u lp h u r ic  a c id  and th e n  d is so lv e d  in  
d ry  methanol and a sm all amount o f  IR 120H^/(dry form) added as 
c a t a l y s t .  The m ixture  was r e f lu x e d  f o r  l8 h , th e  r e s i n  f i l t e r e d  o f f  
and th e  methanol removed by e v ap o ra tio n .
(v) Reduction o f  sugar to  a l d i t o l . The sample (25 mg) was 
d is so lv e d  in  w a ter  (3 ml) o r  w ater/m ethanol ( l : 1  v /v ) ,  and a  small 
s p a tu la  t i p  o f  sodium borohydride  was added to  g ive  approx im ate ly  
a  2% borohydride  s o lu t io n .  I t  was l e f t  s ta n d in g  f o r  about 6 h .  I f
th e  s o lu t io n  was not s t i l l  a lk a l i n e  a f t e r  t h i s  t im e , more sodium 
borohydride  was added and th e  m ix tu re  l e f t  f o r  a  f u r t h e r  6 h and 
th e n  n e u t r a l i s e d  w ith  IR 120H"  ^ r e s i n .  A f te r  f i l t r a t i o n  th e  f i l t r a t e  
was c o - d i s t i l l e d  w ith  methanol to  remove b o r ic  a c id  and f i n a l l y  
evapora ted  to  d ry n ess .  Complete r e d u c t io n  was checked w ith  P e h l in g 's  
s o lu t io n .
(v i)  Trimethyl s i l y l  d e r i v a t i v e s ^^. The m a te r ia l  ( 1O-15  mg), 
d r ie d  by c o - d i s t i l l a t i o n  w ith  methanol and d ry  benzene, was d is so lv e d  
in  d ry  p y r id in e  ( l  ml) and t r im e th y l  c h lo ro s i la n e  (O.I ml) added 
fo llow ed  by hex am eth y ld is ilazan e  (0 .2  ml) . A f te r  shak ing  f o r  5 mins 
th e  p r e c i p i t a t e  o f  ammonium c h lo r id e  was removed by c e n t r i f u g a t io n  
and th e  sample evaporated  to  d ry n ess .  The re s id u e  was d is s o lv e d  in  
d ry  hexane and analysed  on g . l . c .  (column ( i i i ) ) .
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( v i i )  A ld i to l  a c e t a t e s '*^. Samples o f  sugar a l d i t o l s  o r  o f  
p a r t i a l l y  m ethy la ted  a l d i t o l s ,  d r ie d  in  a d e s ic c a to r ,  were d is so lv e d  
In a  p y r id in e :  a c e t i c  anhydride  ( l : 1  v/v) m ixture  and h ea ted  f o r
10 mins a t  100°C. A f te r  d i l u t i o n  w ith  w ater  th e  sample was 
evaporated  to  d ry n ess .  The re s id u e  was d is so lv e d  in  chloroform  and 
an a ly sed  by g . l . c .  o r  g . l . c . - m . s .  [columns ( iv )  and (v ) ] .
( v i i i )  M é th y la t io n . The Hakomori method^^ (m odified  by 
B jornda l and Lindberg ) was u sed . The p o ly sacch a r id e  (5-20 mg) 
was d is so lv e d  or sw elled  i n  d ry  DMSO (2 ml) in  a  serum b o t t l e  under 
n i t r o g e n  atm osphere. D im ethy lsu lph iny l carhan ion  ( l  ml) was i n je c te d  
in to  th e  b o t t l e  and th e  m ixture  shaken f o r  8 h .  For a  s in g le  
m é th y la t io n  f r e s h l y  d i s t i l l e d  methyl io d id e  was added ( l  ml) w ith  
c o o l in g  and th e  m ixture  ag a in  shaken f o r  8 h .  For two m é thy la tions  
methyl io d id e  was added (O .l ml) w ith  co o lin g  and a f t e r  8 h shak ing  more 
carhan ion  ( l  ml) was added and a f t e r  an o th e r  8 h shak ing  methyl io d id e  
was ag a in  added ( l  ml) w ith  c o o l in g .  A f te r  th e  f i n a l  p e r io d  o f 
shak ing  th e  s o lu t io n  was poured in to  w ater (25 ml) and d ia ly s e d  f o r  
t h r e e  days when th e  o i l y  l a y e r  became s o l i d .  The m ixture  was th e n  
evaporated  to  d ry n ess .
( ix )  P e r io d a te  O x id a tio n . E s t im a tio n  o f  th e  ex ten t  o f  o x id a t io n
22was measured by th e  sp ec tro p h o to m etr ic  method o f A sp in a l l  and F e r r i e r  . 
An aquGOUs s o lu t io n  o f  p o ly sacch ar id e  was added to  an equal volume o f  
sodium m etaperioda te  (0.03M). A liq u o ts  (O .l -  1 ml) were withdrawn a t  
i n t e r v a l s  and d i lu t e d  250 tim es and th e  absorbance read  a t  223 nm 
The i n i t i a l  absorbance o f  th e  p e r io d a te  b e fo re  th e  a d d i t io n  o f p o ly ­
sac c h a r id e  and th e  absorbance o f  an equimolar s o lu t io n  o f  sodium io d a te  
were measured and th u s  th e  number o f  moles o f  p e r io d a te  reduced a t  any 
tim e was measured. The product was reduced by sodium b o rohydride .
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(x) Reduction o f u ro n ic  a c id s ^^ . A m odified  Taylor and Conrad 
method was u sed .
The p o ly sacch a r id e  (4O mg, 25 eq /c a rb o x y l  groups) was d is so lv e d  
in  50 ml of w a ter  and e th y l-3 -d im e th y l  aminopropyl carhodiim ide  HCl 
(25 mg, 0 .25  mmol) was added, a f t e r  th e  pH had heen a d ju s te d  to  
4.75  w ith  0.1M h y d ro c h lo r ic  a c id .  During th e  r e a c t i o n  th e  pH was 
m ain ta ined  a t  4*75 hy adding  0.1M h y d ro c h lo r ic  a c id .  When hydrogen 
io n  uptake  had ceased , a  sodium borohydride  s o lu t io n  (2M, 10 ml) was 
added and th e  m ixture  s t i r r e d  f o r  4 h .  The m ixture  was d ia ly s e d  
a g a in s t  runn ing  ta p  w a ter  overn igh t and a g a in s t  d i s t i l l e d  w a te r  f o r  
3 d ays. T h e re a f te r  th e  s o lu t io n  was f r e e z e - d r i e d .
(x i)  P re p a ra t io n  o f  a DE-52 ion exchange c e l l u lo s e  column. The
c e l l u lo s e  (200 g, D .E .A .E ., grade D.E.52 presw ollen) was suspended in
O.5M HCl ( 21) and d e ae ra ted  w ith  m agnetic s t i r r i n g  under vacuum f o r  
about 20 min. A f te r  s tan d in g  an o th e r  20 min th e  su p e rn a ta n t  was 
decan ted  and th e  c e l l u lo s e  f i l t e r e d .  The c e l l u lo s e  was washed w ith  
w a te r  t o  n e u t r a l i t y  and t h e r e a f t e r  suspended in  O .5M MaOH (2 1 ) .  The 
a lk a l in e  suspension  was t r e a t e d  in  th e  same way as  th e  a c id  susp en sio n . 
These two o p e ra t io n s  were re p e a te d , th o u g h  a f t e r  th e  second a l k a l i  
t re a tm e n t  th e  a lk a l i n e  s l u r r y  was t r a n s f e r r e d  in to  a  column ( i n t e r n a l  
d iam e te r  3.7  cm and le n g th  about 50 cm) and th e  m a te r ia l  washed to  
n e u t r a l i t y  w ith  w a te r .
The column was e q u i l ib r a te d  w ith  O.5M HaCl s o lu t i o n  ( 2 l) and 
washed w ith  w a te r  t i l l  th e  washings were c h lo r id e  f r e e .
( x i i )  D esu lpha tion  by m ethanolic  hydrogen c h lo r id e . An a l iq u o t  
(about 50 mg) was suspended in  O.O8M HCl in  MeOH (25 ml) and l e f t  on
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a  shaker  o v e rn ig h t .  The s o l i d  was f i l t e r e d  o f f  and washed w ith  d ry  
MeOH and resuspended in  HCl/MeOH s o lu t io n  (25 ml) and a g a in  l e f t  on a 
shaker o v e rn ig h t .  A f te r  a t h i r d  s im i la r  t re a tm en t th e  s o l i d  was 
r e d is s o lv e d  in  w a ter  and f r e e z e - d r i e d .
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CHAPTER I I I
The carb o h y d rates  sy n th es iz ed  by th e  g reen  seaweeds U rospora w orm skio ld ii 
and Codioliim p rs iliu m
IRTRODUCTIOR
The genus U rospora (once known as H orm iscia o r Conferva) is
p laced  in  th e  o rd e r Acrosiphon%ceae w ith  th e  c lo s e ly  r e l a t e d  genera
Spongomorpha and A crosiphonia  . These th r e e  genera  were o r ig in a l ly
p la ce d  in  th e  C ladophoraceae, bu t u n lik e  th e  r e s t  o f th e  Cladophoraceae
s tu d ie d  u n t i l  th e n , i t  was e s ta b l is h e d  th a t  th e y  po ssess  a  u n ic e l lu la r
" Codiolum" s ta g e  in  t h e i r  l i f e  h i s to r y .  I t  was on th e  b a s is  o f t h i s  and
o th e r  c r i t e r i a  th a t  th e  new fam ily , th e  A crosiphoneaceae, was founded.
The d isco v e ry  o f a ’’Codiolum” - l i k e  s tag e  in  th e  l i f e - c y c le  o f a  c u ltu re
2
o f Cladophora r u p e s t r i s  has now throw n doubt on th e  v a l i d i t y  o f t h i s  
d i s t i n c t io n .  However, th a t  a  fundam ental d iv is io n  does in  f a c t  e x is t  
i s  su g gested  by th e  d i f f e r e n t  c o n s t i tu e n ts  o f  th e  su lp h a ted  m ucilages 
m e tab o lised  by th e  Cladophora and A crosiphonia  s e c tio n s  o f  th e  o ld  
C ladophorales , s in c e  th e  form er sy n th e s is e s  an a ra b in o g a la c ta n  (p .9 ) 
w h ile  th e  l a t t e r  s y n th e s is e s  a  complex glucuronoxylorham nan as does 
U rospora^ . A su rvey  o f n in e  members o f th e  Cladophoiaceae and U rospora 
sp e c ie s  re v e a le d  th a t  o n ly  two, Chaetomorpha and U rospora sp ec ie s  f a i l e d  
to  produce f ru c to s id e s  o th e r  th a n  sucrose^ f u r th e r  em phasises th e  above 
m entioned d i s t in c t io n ^ .
C u lt iv a t io n  has shown a s t r i k in g  tem p era tu re  in flu en c e  in  th e  
case o f U rospora w o rm sk io ld ii^ . In  t h i s  s p e c ie s ,  unbranched mono- 
siphonous f i la m e n ts , up to  15 cm in  le n g th , m icroscopic  dwarf p la n ts  and 
a u n ic e l lu la r  codiolum s ta g e , can be found depending on c o n d itio n s  o f 
grow th. The filam en to u s U. w orm skio ld ii su rv iv e s  on ly  a t  low 
tem p era tu res  n ear 5°C. I t s  fo u r—f la g e l l a t e d  zoospo res, which a re
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e lo n g a ted  in to  a  p o in t a t  th e  p o s te r io r  end, reproduce th e  m other 
p la n t  a t  low te m p e ra tu re . They g ive  r i s e  to  dwarf p la n ts ,  however, 
in  c u ltu re s  a t  m iddle and h ig h e r  tem p era tu res  (lO° o r 15°C ).
Dwarf p la n ts  a ls o  p ro p ag a te  abu n d an tly  by 4-G iliated  zoospo res, growing 
in to  dwarf p la n ts  ag a in  under th e  same c o n d itio n s . However, th e  
same zoospores develop in to  filam en to u s  p la n ts  a t  5°C. A d d itio n a l 
b i f l a g e l l a t e  zoospores a re  produced on ly  in  th e  h ig h e r  range o f 
te m p e ra tu re ; th e y  la c k  s e x u a l i ty  and grow in to  sm all u n ic e l lu la r  
s ta lk e d  p l a n t l e t s .  At 15°C t h i s  Codiolum s tag e  does n o t become f e r t i l e ,  
zoospores w ith  4 f l a g e l l a e  a re  produced o n ly  a t  m iddle o r low 
tem p era tu res  r e s p e c t iv e ly .  Depending upon th e  c o n d itio n s  o f th e  
c u ltu re  experim en ts, th e  zoospores o f Codiolum develop in to  U rospora— 
f ila m e n ts  o r in to  dwarf p la n t s .  These r e s u l t s  perm it i n t e r p r e ta t io n  
o f  a sp e c ts  o f  th e  sea so n a l rhythm o f U rospora w o rm sk io ld ii, i . e .  th e  
p re sen ce  o f f ila m e n ts  in  March to  May, and o f  f e r t i l e  Codiolum in  
l a t e  summer to  autumn.
The two common B r i t i s h  U rospora sp ec ie s  a re  U. b an g io id es  and 
JJ. p e n ic i l l i f o r m is  and th e y  a re  bo th  sm a lle r  th a n  th e  a r c t i c  
JJ. w orm sk io ld ii whose c e l l s  a re  norm ally  up to  4 nun a c ro ss  and 15 cm in  
le n g th ^ . U. p e n ic i l l i f o r m is  has r e c e n t ly  been  in v e s t ig a te d  ch em ica lly ; 
some o f  th e  r e s u l t s  a re  d e sc rib e d  below .
A homologous s e r ie s  o f  m a lto o lig o sa c c h a r id e s , su c ro se , g lu co se , 
f r u c to s e ,  myoin o s i to l  and g ly c e r ic  a c id  were found in  th e  80^  
e th a n o lic  e x t r a c t .  In  s e v e ra l  o th e r  genera  o f th e  Chlorophyceae th e  
p resen ce  o f g lucose, f ru c to s e  and su cro se  has been re p o r te d  and 
myoin o s i to l  has been found in  A c e ta b u la ria  c re n u la ta  ( p .8) .  In  
c o n tra s t  th e  g ly c e r ic  a c id  and th e  homoLcgous s e r ie s  o f m a lto sacch arid es  
appears to  be unicpie to  t h i s  a lg a .
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The fo llo w in g  p e rcen tag e  p ro p o rtio n s  o f  sugars  was found in  th e  
w a ter so lu b le  p o ly sacch a rid e  from U. p e n ic i l l i f o r m is , rhamnose 26, 
x y lo se  351 mannose and g lucose  22 , g lu c u ro n ic  a c id  17, g a la c to s e  
t r a c e .  This w a ter so lu b le  p o ly sac c h a rid e  was f r a c t io n a te d  on a 
D E 52-cellu lose  column by e lu t io n  w ith  w a ter fo llow ed  by graded  e lu t io n  
w ith  in c re a s in g  c o n c e n tra tio n  o f KCl s o lu t io n s .  A g lucan  and a 
mannan were e lu te d  in  th e  aqueous f r a c t i o n .  The g lucan  was shown to  
be o f  th e  amylose ty p e , g iv in g  a b lu e  co lo u r w ith  io d in e .
M éth y la tio n , p e r io d a te  o x id a tio n  and enzymic s tu d ie s  confirm ed th e  
p resen ce  o f  an  a -1 ,4 -liM k ed  l i n e a r  g lu c an . The mannan was found to  be 
an a - 1 , 3- l in k e d  polym er w ith  evidence o f a  sm all degree o f  b ran ch in g  
a t  C-6 . This i s  th e  f i r s t  example o f an a - 1 , 3 - lin k e d  mannan to  be 
found e i th e r  in  a lg a e  o r  th e  h ig h e r  p la n t s .
A glucuronoxylorham nan found in  th e  0.8M- and 1 .OM-KCl f r a c t io n s  
gave a  m olar r a t i o  o f  rham nose:xy lo s e ;g lu cu ro n ic  a c id  o f about 5 : 7:2 
w ith  e s t e r  su lp h a te  ran g in g  from 17-22^ in  th e  d i f f e r e n t  f r a c t io n s .  
U l t r a c e n tr i fu g a t io n  and g e l e le c tro p h o re s is  experim ents in d ic a te d  th a t  
th e  g lu c u r onoxylorhamnan i s  a  s in g le  p o ly d isp e rse  p o ly sa c c h a r id e .
D esu lp h a tio n , p e r io d a te  o x id a tio n  and m é th y la tio n  s tu d ie s  in d ic a te d  
an e s s e n t i a l l y  l i n e a r  m olecule w ith  a  sm all degree o f b ran ch in g  a t  C-2 
o f  x y lo s e . The m ajor s t r u c tu r a l  fea tu re"w as  found to  be 1 ,3 - lin k e d  
rhamnose u s u a l ly  su lp h a ted  a t  G-2 and sometimes a ls o  a t  C -4 ,1 ,4 - iin k e d  and 
end group x y lo se  and 1 , 4- l in k e d  and end group g lu c u ro n ic  a c id .
A lk a li e x t r a c t io n  o f th e  a lg a  y ie ld e d  a  p -1 ,4 - lin k e d  g lu can , thought 
to  be a  degraded c e l lu lo s e .  The re s id u e  a lso  c o n ta in s  a  c e l lu lo s e - ty p e  
g lu can .
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The U rospora w orm skio ld ii and Codiolum p u siliu m  in v e s t ig a te d  
in  th e  p re se n t work were k in d ly  c o l le c te d  hy Mr R Hooper o f th e  
Memorial U n iv e rs ity  o f Hewfoundland. The U* w orm sk io ld ii was
h a rv e s te d  in  A p ril 1973. Two sam ples were s u p p lie d . A v e ry  pure 
sam p le ,1.5  g a f t e r  a i r  d ry in g . A second sample s l i g h t l y  contam inated  
w ith  diatom s and Monostroma . t o t a l  w eight a f t e r  a i r  d ry in g  3 .4  g .
The Codiolum p u siliu m  was h a rv e s te d  from B u lls  Bay, sou th  S t .  John*s 
Newfoundland on 22nd August 1973. T o ta l w eight a f t e r  a i r  d ry in g  4«75 g«
U rospora w orm skio ld ii
I  E x tra c t io n  p rocedure
The a lg a  was plunged in to  a b so lu te  e th an o l im m ediately  a f t e r  
c o l le c t io n  and th e  r e s u l t in g  dark  g reen  e x tra c t  was combined w ith  th e  
e th an o l e x t r a c ts  from th e  p re se n t ex p erim en ts. The re s id u a l  weedwas 
a i r  d r ie d  and w eighed. This w eight i s  l a t e r  r e f e r r e d  to  as th e  d ry  
w eight o f  th e  weed, though s l i g h t l y  in c o r re c t  s in c e  a  sm all amount o f 
m a te r ia l  had been e x tra c te d  in to  th e  a b so lu te  e th a n o l .
The d ry  a lg a  (872 mg o f  th e  p-jire sample) was ground to  a  f in e  
powder under l iq u id  n itro g e n  and th e  e x tr a c t io n  p rocedure  i l l u s t r a t e d  
in  flow  c h a r t I  was fo llo w ed .
Experim ent 1 E th a n o lic  e x tra c t io n
The g reen  powder was e x tra c te d  tw ice  w ith  80^ e th an o l under th e  
c o n d itio n s  g iven  in  th e  flow  c h a r t .  A fte r  each e x tr a c t io n  th e  s o l id  
was c e n tr ifu g e d  o f f .  The l a s t  e x t r a c t  was v i r t u a l l y  c o lo u r le s s  and 
found to  c o n ta in  n e g l ig ib le  ca rb o h y d ra te .
The combined dark  g reen  e th a n o lic  s o lu t io n  was ta k e n  down to  sm all 
volume and p a r t i t io n e d  betw een to lu e n e  and w ater w ith  about 5^  n -b u tan o l 
to  b reak  th e  em ulsion . This p rocedure  was re p e a te d  tw ice  and t h i s
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Flow Chart I  E x tra c t io n  procedure  o f U rospora w orm skio ld ii
C o lle c tio n  Kept in  e th a n o l, a i r  d r ie d
Dry w eight 872 mg
Powdered Ground under l iq u id  n itro g e n
E th a n o lic  e x tra c t io n  E x tra c te d  2 x 300 ml 80^ e th a n o l, 25°C, 8 h
3 X 300 ml 80^ e th a n o l, b o i l in g ,  8 h
Combined e x tr a c ts  p a r t i t io n e d  between to lu e n e  and w ater 
From w a ter la y e r  87-2 mg
Aqueous e x tra c t io n  E x tra c te d  2 x 300 ml w a te r , 25°C, 8 h
3 X 300 ml w a te r , 100°C, 8 h
Combined e x tr a c ts
V
IE thanol
P r e c ip i ta te
id ia ly s e d
S o lu tio n  ^
^  f re e z e -d n ie d  97.6  mg
Combined w eight 10.2 mg
Ÿ
Acid e x tra c t io n  E x tra c te d  5 x 300 ml d i lu te  HCl pH = 2 .0 , 70°C, 8 h
Combined e x tr a c ts  d ia ly se d
f r e e z e -d r ie d  29.2  mg
R esidue 405 mg
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gave a v i r t u a l l y  c o lo u r le s s  e th a n o l/w a te r  la y e r  and an in te n s e  dark  
g reen  (Chlorophyll) to lu e n e  la y e r .  The to lu e n e  la y e r  was d isca rd e d  
and th e  e th a n o l/w a te r  la y e r  was c o n ce n tra te d  to  d ry n e ss . The 
in o rg a n ic  s a l t s  p r e c ip i ta te d  d u rin g  t h i s  p ro cess  were f i l t e r e d  o f f .  
A f te r  c o n c e n tra tio n  a y e llo w ish  s o l id  (87 .8  mg) was o b ta in e d .
This was combined w ith  th e  a lco h o l s o lu b le  m a te r ia l  (10 .2  mg) p re se n t 
in  th e  aqueous e x tra c t  (Plow c h a r t and e x p t. 5)*
Experim ent 2 Aqueous e x tra c t  ion
The a i r  d r ie d  re s id u a l  a lg a  was e x tra c te d  w ith  w a ter under th e  
c o n d itio n s  d e ta i le d  in  th e  flow  c h a r t .  A f te r  each e x tr a c t io n  th e  
s o l id  was c e n tr ifu g e d  o f f  and th e  combined e x tr a c ts  were ta k e n  down 
to  sm all volume and p r e c ip i ta te d  by 6 volumes o f e th a n o l. The 
d e riv ed  w hite  s o l id  was re d is s o lv e d , d ia ly s e d  and f r e e z e -d r ie d  to  a 
w hite  powder (97 .6  mg).
The d ia ly s a te  and th e  e th a n o l ic  su p e rn a ta n t were combined and 
c o n ce n tra te d  to  a  y e llo w ish  s o l id  (10 .2  mg). This s o l id  was combined 
w ith  th e  s o l id  o b ta in ed  from th e  e th a n o l ic  e x t r a c t io n .
Experim ent 3 Acid e x tr a c t io n
The re s id u e  was t h e r e a f t e r  e x tra c te d  f iv e  tim es w ith  d i lu t e  HCl 
(see  flow  c h a r t ) .  A f te r  each e x tr a c t io n  th e  m ix ture  was c e n tr ifu g e d  
and th e  l a s t  e x tra c t  was found to  c o n ta in  l i t t l e  ca rb o h y d ra te . The 
combined e x tr a c ts  were d ia ly s e d  t i l l  c h lo r id e  f r e e  and th e r e a f t e r  
f r e e z e - d r ie d .  A w hite  powder (29 .2  mg) was o b ta in e d . The re s id u e  
a f t e r  t h i s  e x t r a c t io n  was not e x tra c te d  f u r th e r ,  bu t washed w ith  co ld  
w ater and f r e e z e -d r ie d  as a  su sp en sio n , y ie ld in g  a  brow nish s o l id  
(405 mg) .
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I I  In v e s t ig a t io n  o f th e  d i f f e r e n t  e x tr a c ts  
The e th a n o lic  e x tra c t
Experim ent 4« S ep ara te  a l iq u o ts  o f  th e  combined e th an o l so lu b le  s o l id  
were re d is so lv e d  in  w a ter and t r e a te d  w ith  B io d em in ro lit and IR 120H 
r e s in s  r e s p e c t iv e ly  to  remove in o rg a n ic  m a te r ia l  s t i l l  p re s e n t ,  and 
th e r e a f t e r  examined as fo llo w s .
Paper chromatograms run  in  d i f f e r e n t  s o lv e n ts  [gM I I I  ( i ) , ( a - c ) ]  
were developed w ith  a  number o f s ta in in g  re a g e n ts  [GM IV ( i ,  i i ,  iv  and 
Vi)].
lo n o p h o re s is  was c a r r ie d  out in  p y r id in e /a c e t ic  a c id  b u f fe r  
[GM I I I  ( i i )  ( b ) ] .
A 3MM p aper was run  f o r  18 hours in  so lv en t (gM I I I  ( i )  ( a ) ]  
and th e  d i f f e r e n t  s t r i p s  were e lu te d  and th e  in d iv id u a l sugars  d e riv ed  
th e re fro m  were c h a ra c te r is e d  by paper chrom atography, io n o p h o resis  and 
g . l . c .  o f th e  sugar TMS and a l d i t o l  TMS d e r iv a t iv e s  [G.M V A ( i i ) ,  B ( i i i ) ] .  
Some o f th e  su b stan ces  w ith  low chrom atographic m o b ili ty  were h y d ro lysed  
(GM I I  ( i ) ]  and th e  h y d ro ly sa te s  examined by paper chrom atography, 
io n o p h o res is  and g . l . c . .
An a l iq u o t  was h y d ro lysed  [g M I I  ( i ) ]  and th e  h y d ro ly sa te  se p a ra te d  
on 3MM pap er in  so lv en t (gM ( i )  ( a ) ] .  The d i f f e r e n t  s t r i p s  were e lu te d  
and th e  in d iv id u a l sugars  were c h a ra c te r is e d  by p aper chrom atography 
and g . l . c . .
The aqueous e x tra c t
A. The e th an o l so lu b le  m a te r ia l
Experim ent 5 » Paper chromatograms o f a l iq u o ts  were ru n  in  so lv e n ts  
[ gM I I I  ( i ) , (a and b ) ] and t r e a te d  w ith  lo c a t in g  ag en ts  |G M IV ( i  and 
i i ) ] .  The chrom atographic p a t te r n  was v e ry  s im i la r  to  th a t  o f th e  
e th a n o lic  e x tra c t  and i t  was th e re fo re  combined w ith  th e  l a t t e r .
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B. The e th an o l in s o lu b le  m a te r ia l
Experim ent 6 C h a ra c te r is a tio n  o f th e  c o n s t i tu e n t  sugars
An a l iq u o t  o f th e  w hite  powder (8 mg) was h y dro lysed  [C M Il(i)]  
and h a l f  th e  h y d ro ly sa te  was an a ly sed  by paper chrom atography in  
so lv e n ts  [GM I I I  ( i ) , ( a - c ) ] and sp rays [GM IV ( i ,  i i  and i v ) ] and by 
io n o p h o res is  [GM I I I  ( i i )  (b and c ) ] .  The o th e r  h a l f  was an a ly sed  
by g . l . c .  [GM V A ( i ) ]  as th e  TMS and a l d i t o l  TMS d e r iv a t iv e s  
[GM V B ( i i i ) ] .
Experim ent 7 F ra c t io n a tio n  o f th e  e th an o l in s o lu b le  m a te r ia l
The w hite  powder (56 .7  mg carbohydrate) was d is so lv e d  in  w ater (25 ml)
and la y e re d  on to  a  DE-52 c e l lu lo s e  column [GM V II ( x i ) ] .  The column
was e lu te d  w ith  about 600 ml o f each o f th e  fo llo w in g  s o lu t io n s :  l
w a te r , 0 .3  MHCl, 0 .5  MKCl, 0 .8  MKCl and 1.3 MKCl. In  l a t e r  f r a c t io n a t io n s
o n ly  w ater and 1.0 MKCl were used  and m a te r ia l  from th e  l a t t e r  i s  h e r e a f te r
c a l le d  th e  a c id ic  p o ly sa c c h a r id e .
Experim ent 8 Composition o f th e  d i f f e r e n t  f r a c t io n s
The s p e c i f ic  r o ta t io n  o f some o f  th e  f r a c t io n s  were m easured 
[GM I  (v ) ] .  Furtherm ore th e  carbohydrate  co n ten t [GM VI ( i ) ] ,  th e  
su lp h a te  co n ten t [GM VI ( i i i ) ]  and th e  u ro n ic  a c id  co n ten t [GM VI ( i i ) ( c ) ]  
o f  some o f  th e  f r a c t io n s  were de term ined . The sugars  in  th e  d i f f e r e n t  
f r a c t io n s  were c h a ra c te r is e d  from h y d ro ly s a te s , by paper chrom atography 
in  so lv e n ts  [GüÆ I I I  ( i )  ( a - c ) ]  and lo c a t in g  ag en ts  [GM IV ( i )  , ( i i )  and 
( iv )  ]  and by g . l . c .  o f th e  sugar and a l d i t o l  TMS d e r iv a t iv e s  [(M V A ( i i ) ,
B ( i i i ) ] .
The aqueous e lu a te  was t e s t e d  w ith  K l/lg  re a g e n t.
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Experiment 9 Méthylation of the aqueous eluate
An a l iq u o t  (4*5 mg) was m ethy la ted  once hy th e  Hakomori method 
[ cm V II ( v i i i ) ] .  The p roduct was hyd ro lysed  [GM I I  ( i ) ] ,  reduced  
[ cm V II (v ) ] ,  converted  in to  th e  a l d i t o l  a c e ta te s  [CM V II ( v i i )  ] and 
an a ly sed  hy g . l . c .  and g . l . c . - m . s .  [CM V A ( i i ) , B ( i v ) , C ( i i ) ] .
Experim ent 10 M éth y la tio n  o f th e  0.3M KCl f r a c t io n  and th e  a c id ic  
p o ly sacch a rid e
A liq u o ts  (c a . 10 mg) o f th e  a c id ic  p o ly sacch a rid e  and o f th e  
0.3M KCl f r a c t io n  were m ethy la ted  hy th e  Hakomori method [CM V II ( v i i i ) ]  
once and tw ice  r e s p e c t iv e ly .  H a lf th e  m ethy la ted  a c id ic  p o ly sacch a rid e  
and a l l  o f th e  m ethy la ted  0.3M KCl f r a c t io n  were an a ly sed  as  d e ta i le d  in  
experim ent 9» The o th e r  h a l f  o t th e  m eth y la ted  a c id ic  p o ly sac c h a rid e  -
was co n v erted  in to  th e  m ethyl sugar g ly co s id es  [GM V II ( i v ) ]  a f t e r  
h y d ro ly s is  and an a ly sed  hy g . l . c .  [GM V A ( i )  , B ( i  and i i ) ] .
Experim ent 11 M olecular w eight d e te rm in a tio n  o f  th e  m ethy la ted  a l d i t o l  
a c e ta te s  from th e  a c id ic  p o ly sacch a rid e  
The m o lecu lar w eights o f th e  m ethy la ted  a l d i t o l  a c e ta te s  from th e  
m eth y la ted  a c id ic  p o ly sac c h a rid es  o b ta in ed  in  experim ent 10 were 
determ ined  by th e  Cl method on th e  mass sp ec . [GM V ( i i ) ] .
Experim ent 12 R eduction o f th e  g lu cu ro n ic  a c id  in  th e  a c id ic  p o ly sacch arid e  
and c h a r a c te r i s a t io n  o f th e  d e riv ed  g lucose
An a l iq u o t  o f  th e  a c id ic  p o ly sacch a rid e  (38 .2  mg) was reduced  by th e  
carbodiim ide  method [GM V II (x ) ] .  A fte r  d ia ly s in g  and f re e z e -d ry in g
(34 mg) th e  carbohydrate  co n ten t [GM VI ( i ) ]  and th e  u ro n ic  a c id  con ten t 
[GM VI ( i i )  ( c ) ]  were e s tim a te d . An a l iq u o t  (4 mg) o f th e  reco v ered  
m a te r ia l  was h y d ro lysed  [GM I I  ( i ) ] and th e  sugars  c h a ra c te r is e d  by paper 
chrom atography in  so lv e n ts  [GM I I I  ( i )  (a  and b) ] w ith  lo c a t in g  re a g en ts
53
[GM IV ( i ,  i i  and iv) ] and by g . l . c .  [GM V A ( i i )  , B ( i i i ) ]  as th e  
su g ar and a l d i t o l  TMS d e r iv a t iv e s .
Experim ent 13 M éthy la tion  o f th e  reduced a c id ic  p o ly sacch a rid e
An a l iq u o t  (6 .3  mg) o f  th e  reduced a c id ic  p o ly sacch a rid e  reco v ered  
from experim ent 12 was m ethy la ted  once by th e  Hakomori method [CM VII 
( v i i i ) ] and an a ly sed  (see  e x p t. 9 )•
Experim ent 14 A ttem pted removal o f su lp h a te  from th e  a c id ic
7
p o ly sacch a rid e  w ith  a lk a l i .
An a l iq u o t  ( l3  mg) o f th e  a c id ic  p o ly sacch a rid e  was d is so lv e d  in  
w a ter (5 ml) and sodium borohydride  (about 25 mg) was added. The 
s o lu t io n  was s e t  a s id e  fo r  20 h a f t e r  which sodium hydroxide s o lu t io n  
(3M, 2 .5  ml) and more sodium borohydride  (about 50 mg) were added.
The m ix ture  was th e n  h e a te d  a t  80°C f o r  7 h a f t e r  which i t  was coo led  
d ia ly se d  and f r e e z e - d r ie d .  The reco v ered  m a te r ia l  was h y d ro lysed  
[GM I I  ( i ) ]  and h a l f  th e  h y d ro ly sa te  was an a ly sed  by paper chrom atography 
in  so lv e n ts  [GM I I I  ( i )  (a  and b ) ] and sp rays [GM IV ( i  and i i ) ] .  The 
o th e r  h a l f  was an a ly sed  by g . l . c ,  as th e  su g ar and a l d i t o l  TMS 
d e r iv a t iv e s  [GM V A ( i i ) , B ( i i i ) ] .
Experim ent 15 D esu lphation  o f th e  a c id ic  p o ly sacch a rid e  by m ethano lic  
hydrogen c h lo rid e  
An a l iq u o t  (40 mg) o f th e  a c id ic  p o ly sacch a rid e  was d e su lp h a ted  by 
m ethanolic  hydrogen c h lo rid e  [GM V II ( x i i ) ] .
Experim ent I 6 M éth y la tio n  o f th e  d esu lp h a ted  a c id ic  p o ly sacch a rid e  
An a l iq u o t  ( l2  mg) o f th e  d esu lp h a ted  m a te r ia l  o b ta in ed  from th e  
p rev ious experim ent was m ethy la ted  once [GM V II ( v i i i ) ]  and an alysed  
(see  e x p t. 9) .
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Experim ent 17 A lk a li d eg rad a tio n  o f th e  m ethy la ted  a c id ic  p o ly sacch a rid e  
A m ethy la ted  a l iq u o t (40 mg) o f th e  a c id ic  p o ly sacch a rid e  
(m ethy la ted  once hy th e  Hakomori method [GM VII ( v i i i ) ]  was d is so lv e d  
in  DMSO (3 ml) and 2.0M carh an io n  (2 ml) [GM V II ( i i i ) ]  was added.
The re a c t io n  m ix tu re  was s e t  a s id e  o v ern ig h t and th e n  50^ a c e t ic  a c id  
(6 ml) was added to  n e u t r a l i s e  th e  ca rh an io n . The m ix ture  was 
e x tra c te d  w ith  chloroform  and th e  carbohydrate  c o n ten ts  o f th e  chloroform  
s o lu t io n  and o f  th e  r e s id u a l  aqueous s o lu t io n  [GM VI ( i ) ]  were m easured. 
The chloroform  s o lu t io n  was ta k en  to  d ryness and t r e a te d  w ith  5^^ a c e t ic  
a c id  (10 ml) f o r  1 h a t  100°C. This s o lu t io n  was ta k e n  to  d ryness and 
th e  syrup re d is so lv e d  in  w a te r . Sodium b o ro d e u te rid e  (50 mg) was 
added and th e  s o lu t io n  l e f t  o v e rn ig h t. The m ix ture  was th e n  t r e a t e d  
w ith  IR 120H**' r e s in  and c o n c e n tra te d . B oric  a c id  was removed by . 
re p e a te d  c o d i s t i l l a t i o n s  w ith  m ethanol. An a l iq u o t (25^) o f  th e  reco v ered  
m a te r ia l  was hyd ro ly sed  and an a ly sed  as o u tl in e d  in  experim ent 9* The 
m o lecu lar w eight o f th e  peaks in  th e  g . l . c .  spectrum  was determ ined  by 
m .s . by th e  chem ical io n is a t io n  method [GM V c ( i i ) ] .
A nother a l iq u o t o f  th e  reco v ered  m a te r ia l  from th e  ch loroform  s o lu t io n  
was rem e th y la ted  once u s in g  d e u te ra te d  m ethyl io d id e  [GM VI ( v i i i ) ] .  The 
rem e th y la ted  m a te r ia l  was hyd ro lysed  and an a ly sed  (see  e x p t. 9)*
The re s id u a l  aqueous f r a c t io n  o f  th e  m eth y la ted  p o ly sac c h a rid e  was 
ta k e n  to  d ry n ess , h y d ro lysed  and an a ly sed  (see  e x p t. 9) •
The above procedure  was re p e a te d  on a second a l iq u o t  (40 mg).
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The a c id  e x tra c t
Experim ent 18 . The carbohydrate  co n ten t [CM VI ( i i ) ]  o f th e  w hite  
powder was e s tim a te d . An a l iq u o t  (5 mg) o f th e  powder was hydro lysed  
[GM I I  ( i ) ]  and h a l f  th e  h y d ro ly sa te  was an a ly sed  by paper chromato­
graphy in  so lv e n ts  [GM I I I  ( i )  (a and b ) ]  and lo c a t in g  ag en ts  
[GM IV ( i ,  i i  and i v ) ] ,  w hile  th e  o th e r  h a l f  was an a ly sed  by g . l . c .  
as th e  sugar and a l d i t o l  TMS d e r iv a t iv e s  [GM V A ( i i ) ,  B ( i i i ) ] .
An a l iq u o t  (2 mg) was h ea ted  w ith  d i lu te  K l/lg  re a g e n t.
Experim ent 19. An a l iq u o t  (6 mg) o f th e  powder was m ethy la ted  by 
Hakomori*s method [GM V II ( v i i i )  ] and th e  m ethy la ted  po ly ­
sac c h a rid e  an a ly sed  (see  e x p t. 9)*
The re s id u e
Experim ent 20 . A sample (41 .2  mg) o f  th e  f r e e z e -d r ie d  re s id u e  was 
h y dro lysed  [GM I I  ( i ) ] .  A f te r  removal o f th e  r e s id u a l  s o l id  th e  
h y d ro ly sa te  was an a ly sed  by p aper chrom atography in  so lv e n ts  [GM I I I  ( i)  
(a  and b) ] and by sp rays [GM IV ( i ,  i i  and i v ) ] .
The p ro te in  co n ten t o f  th e  f r e e z e -d r ie d  re s id u e  was determ ined  
[GM VI ( i v ) ] .  The re s id u e  was t e s t e d  fo r  c e l lu lo s e  w ith  H erzberg ’ s 
re a g e n t^ .
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I I I  R esu lts  and d is c u s s io n
Both sam ples o f  U. w orm skio ld ii were used  in  th e se  in v e s t ig a t io n s .  
A part from some o f th e  a c id ic  p o ly sacch a rid e  experim ents a l l  th e  
d e ta i le d  in v e s t ig a t io n s  in  th e  experim en tal s e c t io n  were on th e  o r ig in a l  
pu re  sam ple. The main d if fe re n c e s  in  carb o h y d rates  o f  th e  two samples 
were in  th e  r e l a t i v e  p ro p o r tio n s  o f  1,2  and 1,3  l in k e d  rhamnose and o f 
x y lo se  d e r iv a t iv e s  in  th e  a c id ic  p o ly sa c c h a r id e .
s.
Low m olecu lar w eight carb ohydrates
Paper chromatograms o f th e  e th a n o lic  e x tra c t  and th e  a lco h o l 
so lu b le  (and d ia ly s a b le )  f r a c t io n  o f th e  aqueous e x tra c t  re v e a le d  t h e i r  
e s s e n t ia l  s im i l a r i t y .  They were th e re fo re  combined to  g ive  11 .2^ o f 
th e  d ry  w eight (54^  carbohydrate) and examined as fo llo w s .
Paper chromatograms had sp o ts  w ith  th e  m o b il i t ie s  o f  g lu co se , 
f ru c to s e  and su cro se  to g e th e r  w ith  two f a s t e r  [R glc 2 .14  and 1.62 in  
so lv en t ( a ) ]  and two slow er [R glc 0 .4 5  and 0 .20  in  so lv en t ( a ) ]  moving 
s p o ts .  A f a in t  " s t r e a k "  w ith  v e ry  low m o b ility  was a lso  observed .
In  o rd e r  to  remove a sm all amount o f in o rg a n ic  m a te r ia l  two a l iq u o ts  
were s e p a ra te ly  t r e a te d  w ith  B io d em in ro lit (n e u tra l  form) and w ith  
IR IROH"*" r e s in s .  The form er r e s in  removed not on ly  th e  in o rg a n ic  
io n s  b u t a lso  th e  f a s t  moving s p o ts .  In  c o n tra s t  th e  l a t t e r  r e s in  
removed th e  c a tio n s  and l e f t  th e  f a s t  moving s p o ts .  These f a c ts  
in d ic a te d  th a t  th e  l a t t e r  were due to  charged m o lecu les . An 
a l iq u o t  o f th e  m a te r ia l  was hyd ro lysed  and i t  was found th a t  th e  slow  
moving sp o ts  except one w ith  th e  m o b ility  o f  myo- in o s i t o l  had 
d isap p ea red  and th a t  th e  g lucose  spo t was g r e a t ly  enhanced.
Both th e  h y d ro ly sa te  and th e  o r ig in a l  m a te r ia l  were s e p a ra te d  on 
3MM p aper and th e  d i f f e r e n t  su b stan ces  were c h a ra c te r is e d  as fo llo w s :
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G lyceric  a c id . -  From th e  f a s t  moving charged m a te r ia l  a  non­
red u c in g  syrup was o b ta in e d . lo n o p h o res is  and paper chrom atography 
gave two sp o ts  w ith  m o b il i t ie s  id e n t ic a l  to  th o se  o f  g ly c e r ic  a c id  
run  as c o n tro l .  I t  i s  w ell e s ta b lis h e d  th a t  t h i s  a c id  occurs as 
the.monomer and dim er and b o th  monomer and dimer were o b ta in e d  from 
th e  c o n tro l and a lso  from th e  sample under in v e s t ig a t io n .
F ru c to s e . -  A red u c in g  syrup which on p aper chromatograms and 
g . l . c .  had th e  same r e te n t io n  tim es as th o se  o f f r u c to s e .  The 
presence  o f a k e to se  group was confirm ed by th e  b lu e  co lo u r g iven  
w ith  u re a  h y d ro c h lo rid e .
G lu c o se .-  A red u c in g  syrup which had th e  same m o b ili ty  as  th a t  
o f  g lucose  on paper chromatograms and g . l . c .  was o b ta in e d . The 
p resen ce  o f D -glucose was confirm ed by g lucose  o x id a se .
S u cro se . -  A no n -red u c in g  syrup was o b ta in ed  which on paper 
chromatograms and g . l . c .  had th e  m o b ility  o f  su c ro se . L o ca tin g  
re a g en ts  gave a p o s i t iv e  r e a c t io n  f o r  k e to se  and a f t e r  h y d ro ly s is  
o n ly  glicose and f ru c to s e  could  be d e te c te d .
Myo-i n o s i t o l . -  A red u c in g  syrup was o b ta in ed  which under f u r th e r  
in v e s t ig a t io n  was shown to  c o n ta in  two su b s ta n c es , one w ith  th e  
m o b ili ty  o f m altose  (reducing) and th e  o th e r  w ith  th e  m o b ili ty  o f 
myo-in o s i to l  (non-reducing) . H ydro lysis  o f an a liq u o t  fo llow ed  by 
paper chrom atography and g . l . c .  a n a ly s is  showed g lucose  (which was 
confirm ed as D -glucose by g lucose  oxidase) and myo-in o s i to l  to  be 
p r e s e n t .
Glucose c o n ta in in g  o lig o s a c c h a r id e s . -  A ll th e  red u c in g  sp o ts  
w ith  Rglc le s s  th a n  0 .3  were e lu te d  as a s in g le  f r a c t io n .  A fte r  
h y d ro ly s is  o f an a l iq u o t  on ly  g lucose  could  be d e te c te d  by paper
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chrom atography and g . l . c .  a n a ly s is .  This was confirm ed as D -glucose 
hy g lucose  o x id ase . These r e s u l t s  show th e  p resence  o f  a  number 
o f  g lucose  c o n ta in in g  o lig o s a c c h a r id e s .
Glucose and f ru c to s e  were th e  two m ajor components in  t h i s  
e x t r a c t ,  w h ile  th e  amount o f  su crose  was f a i r l y  sm a ll.
The aqueous e x tra c t
The e th an o l in so lu b le  m a te r ia l
A w hite  powder (11 .2^  o f  th e  d ry  w eigh t, 70^ carbohydrate) was 
i s o la te d .  A nalysis  o f h y d ro ly sa te  showed th e  fo llo w in g  sugars  to  
be p re se n t :
Sugar Approximate r e l a t i v e  p ro p o rtio n s
Glucose 1
G lucuronic ac id 3 .5
Mannose t r a c e
X ylose 6 .5
Rhamnose 8
T able 1
G lucose, x y lo se , mannose and rhamnose were each c h a ra c te r is e d  by 
t h e i r  pap er chrom atographic m o b il i t ie s  in  s e v e ra l so lv e n ts  and by th e  
measurements o f  th e  r e te n t io n  tim es o f t h e i r  sugar TMS, a l d i t o l  TMS 
and a l d i t o l  a c e ta te  d e r iv a tiv e s  on g . l . c . .  Glucose was confirm ed as 
th e  D -sugar w ith  g lucose  o x id ase . Because o f th e  sm all amount o f 
m a te r ia l  a v a i la b le  i t  was not p o s s ib le  to  s e p a ra te  a  s u f f ic ie n t  amount 
o f each o f  th e  o th e r  sugars  to  determ ine t h e i r  D o r  _L c o n f ig u ra tio n .
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However by analogy  w ith  s im ila r  p o ly sac c h a rid es  s e p a ra te d  from 
U. p e n ic i l l i f o r m is ^ i t  can be deduced th a t  th e  p re se n t su g ars  a re  
D -xylose , D-mannose and L-rham nose. The p resence  o f  g lu cu ro n ic  
a c id  was in d ic a te d  by i t s  paper chrom atographic m o b ili ty . On 
io n o p h o res is  in  b o ra te  b u f f e r  c o n ta in in g  calcium  ions (e x p t. 6) a 
s in g le  spo t w ith  th e  m o b ili ty  o f g lu cu ro n ic  a c id  was o b ta in e d .
This tech n iq u e  s e p a ra te s  g lu c u ro n ic , g a la c tu ro n ic , mannuronic and 
g u lu ro n ic  a c id s .  The a c id , a f t e r  re d u c tio n  (e x p t. 12) 
gave on ly  g lucose  when examined by paper chrom atography and by g . l . c .  
a s  th e  TMS d e r iv a t iv e .  The g lucose  was confirm ed as th e  D -sugar 
w ith  g lucose  ox idase  p ro v in g  th e  p resence  o f  D -g lucuron ic  a c id .
F ra c t io n a t io n  o f  th e  p o ly sa c c h a r id e .
The reco v ery , a f t e r  f r a c t io n a t in g  p a r t  o f th e  w hite  powder 
(56.7  mg carbohydrate) on a  c e l lu lo s e  column (e x p t. 7) a re  shown in  
th e  fo llo w in g  t a b l e :
F ra c t io n  '
Recovery in  mg
(as carbohydrate  co n ten t)
aqueous 4 .2
0.3M KCl 38.5
0.5M KCl 9 .5
0 .8 m KCl 1
1.3M KCl 1
54.2
Table 2
The o v e ra l l  reco v ery  from th e  column was th e re fo re  about 94^» 
Because o f  th e  sm all amount o f carbohydrate  found in  f r a c t io n s  o th e r
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th a n  th e  0.3M KCl, l a t e r e x t r a c t s  were f r a c t io n a te d  in to  an aqueous 
f r a c t io n  and a 1 .CM KCl f r a c t io n  o n ly ,an d  th e  carbohydrate  in  t h i s  
f r a c t io n  i s  h e r e in a f te r  c a l le d  th e  a c id ic  p o ly sa c c h a r id e . In  a l l  
th e se  f r a c t io n a t io n  experim ents th e  p ro p o r tio n  o f carbohydrate  
found in  th e  aqueous f r a c t io n  to  th a t  found in  th e  1 .CM KCl 
f r a c t io n  (o r  th e  combined KCl f r a c t io n s )  was about 1 :12 .
The aqueous f r a c t io n
This f r a c t io n ,  i s o la te d  as  a w hite  powder ( carbohydrate  co n ten t 
83^ }  had = +60° (c  = 0 .6  ) and gave a deep b lu e  co lo u r w ith
d i lu te  K l/lg  reag en t in d ic a t in g  th e  p resence  o f a  s ta r c h - ty p e  g lu can . 
However i t  was found to  c o n ta in  g lu co se , x y lo se  and mannose in  th e  
approxim ate p ro p o rtio n s  o f 5 :2 : t r a c e .
To f in d  th e  lin k a g e s  betw een th e  su g ars  p re se n t in  t h i s  
p o ly sa c c h a r id e (s )  an a l iq u o t  o f t h i s  f r a c t io n  was m eth y la ted  (e x p t. 9) 
and th e  fo llo w in g  m eth y la ted  sugars  were c h a ra c te r is e d  as t h e i r  
a l d i t o l  a c e ta te s  by g . l . c . - m . s . .
Sugar R e la tiv e  amount
2 ,3 ,4 ~ tri-O -m eth y l xy lose sm all
2 ,3 -d i-O -m ethyl xy lose la rg e
3-0-m ethyl x y lose sm all
2 ,3 ,4 ,6 - t e t ra-O -m ethyl g lucose la rg e
2 ,4 ,6 -tr i-O -m e th y l g lucose la rg e
2 ,3 ,6 -tr i-O -m e th y l g lucose la rg e
4 , 6-d i-O -m ethyl g lucose sm all
2 ,6 -d i-O -m ethyl g lucose sm all
2 , 3 -d i-O -m ethyl g lucose sm all
T a b le  3
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The p resen ce  o f  end g ro u p -, 1 ,4 - lin k e d  and 1 ,4 ,6-hranched g lucose  
re s id u e s  confirm s th e  p resence  o f a s ta r c h - ty p e  p o ly sac c h a rid e  
in c lu d in g  bo th  amylose and amyl o p e c tin - ty p e  g lu c a n s . The [ a ] ^  fo r  
s ta rc h e s  s e p a ra te d  from o th e r  g reen  a lg ae  has been found to  v a ry  
betw een +158° and +171° ^ . However th e  p resence  o f o th e r  
p o ly sa c c h a r id e s  in  t h i s  f r a c t io n  could  w e ll e x p la in  th e  low 
r o ta t io n ,  ( [ a ] ^  = + 60°), o f t h i s  f r a c t io n .
Because o f  th e  p o s i t iv e  s ta r c h  t e s t  i t  can p ro b ab ly  be assumed 
th a t  most i f  no t a l l  o f th e  1 ,4 - lin k e d  g lucose  re s id u e s  a re  p a r t  o f 
s ta rc h - ty p e  p o ly sa c c h a r id e s , s in ce  a p o ly sacch a rid e  w ith  b o th  1 ,3 -  
and 1 ,4 - lin k e d  g lucose  u n i t s  o r a h e te ro p o ly sa c c h a rid e  w ith  1 ,4 -  
l in k e d  g lucose  and x y lo se  p re se n t would no t be expected  to  g ive  a 
p o s i t iv e  s ta r c h  t e s t .
The peak a re a s  o f  th e  1 ,3 -  and 1 ,4 - l in k e d  g lucose  re s id u e s
( ta b le  3) a re  o f  about th e  same s iz e ,  w ith  th e  l a t t e r  s l i g h t l y  la rg e r ,
The p resence  o f  1 ,2 ,3 -  and 1 ,3 ,4 - l in k e d  g lucose  re s id u e s  su g g es ts
th a t  th e  1 ,3 - lin k e d  g lucose  u n i ts  a re  p a r t  o f a h ig h ly  branched
g lucan  (w ith  b ranches a t  C-4 and C-2) w ith  f a i r l y  sh o rt ch a in  le n g th s
as does th e  la rg e  amount o f end-group g lucose  re s id u e s  p re s e n t .
The e s s e n t i a l l y  l i n e a r  |3-1,3 -1  inked  g lucans such as  lam inaran  and 
10c a l lo s e  have low n eg a tiv e  r o ta t io n s  and t h i s  g lucan  could  th e re fo re  
c o n tr ib u te  to  th e  low s p e c i f ic  r o ta t io n  o f  t h i s  f r a c t io n .
P -1 , 3 - lin k e d  g lucans have p re v io u s ly  been re p o r te d  in  Cladophora
11 12r u p e s t r i s  and in  C aulerpa f i l i f o r m is  bu t no e x ten s iv e  s t r u c tu r a l
s tu d ie s  were c a r r ie d  out on th e se  two g lucans due to  th e  sm all amount 
p re se n t in  each weed. This i s  th e  f i r s t  tim e however th a t  a  h ig h ly  
branched 1 ,3 - l in k e d  g lucan  w ith  b ranches a t  C-2 and C-4 has been 
re p o r te d  from any a lg a .
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Hie x y lo se  was found to  be 1 ,4 - l in k e d  w ith  a  sm all amount o f
1 ,2 ,4 - l in k e d  branch  p o in ts  and end groups ( ta b le  3 ) .  No t r a c e  o f
1 ,3 - lin k e d  x y lo se  re s id u e s  could  be found . I f  a  pure  x y lan  i s  
p re se n t in  t h i s  f r a c t io n  i t  must be a  branched 1 ,4 -1  inked  p o ly ­
s a c c h a r id e . Though th e  3-^-m ethy l xy lo se  peak i s  p a r t l y  covered 
by th e  2 ,3 ,6 - t  r i-O -m eth y l g lucose  peak in  th e  g . l . c .  sp ec trum ,an  
average  ch a in  le n g th  o f about 26 i s  in d ic a te d .
Xylans s e p a ra te d  from green  a lg ae  have so f a r  a l l  been o f th e
P -1 ,3 - lin k e d  ty p e . These xy lans a re  s t r u c tu r a l  p o ly sac c h a rid e s
and w a te r in s o lu b le .  A w ater so lu b le  x y lan  has been i s o la te d  from
1 ^th e  re d  seaweed Rhodymenia palm ata  '  bu t t h i s  co n ta in ed  a t  l e a s t  20^ 
o f 1 ,3 - l in k e d  x y lo se  as w ell as 1 ,4 - lin k e d  x y lo se . O ther xy lan s  from 
th e  Rhodophyceae com prise b o th  p -1 ,4 -  and 3—1 ,3 - lin k e d  x y lo se  u n i t s  bu t 
homoxylans c o n ta in in g  on ly  1 ,3 -o r  1 ,4 - lin k e d  re s id u e s  have a ls o  been 
se p a ra te d ^ ^ ^ , H em icellu lose  3 -1 ,4 - lin k e d  xy lans a re  o f te n  
a s s o c ia te d  in  p la n t c e l l  w a lls  w ith  c e l lu lo s e ,  bu t th e se  x y lan s  a re  
p a r t i a l l y  a c e ty la te d .  S t r u c tu ra l  s t u d i e s h a v e  shown th a t  
in c o rp o ra tio n  o f la rg e  e q u a to r ia l  a c e ty l  s u b s t i tu e n ts  a t  an d /o r 
makes th e  x y lan  adopt a  two fo ld  r ib b o n - l ik e  h e l ix  ty p ic a l  o f 
c e l lu lo s e .  U n su b s titu te d  p -1 ,4 - l in k e d  xy lans on th e  o th e r  hand adopt 
a  th r e e - f o ld  h e l ix  which co n v erts  th e  rib b o n  ch a in  in to  a  c y lin d e r  
and d i s t r i b u t e s  th e  two rem ain ing  hydroxyl groups more even ly  around 
th e  h e l ix  th a n  th e y  a re  in  c e l lu lo s e ,  and th e re fo re  in c re a s e s th e  
s o l u b i l i t y .  The p resence  o f  a  w a te r -so lu b le  p -1 ,4 - l in k e d  x y lan  w ith  
a  few branch  p o in ts  does th e re fo re  not seem u n rea so n ab le .
The x y lan  in  U. p e n ic i l l i f o r m is  was not exam ined. I t  f a i l e d  to  
p r e c ip i t a t e  w ith  F eh lin g * s s o lu t io n  which in d ic a te d  th a t  i t  i s  no t a  
3-1»3 -1 inked x y lan  as th e se  a re  known^^ to  p r e c ip i t a t e  as th e  copper
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complex. I t  i s  th e re fo re  p o s s ib le  th a t  a s im i la r  x y lan  i s  sy n th e s is e d  
in  bo th  th e se  U rospora s p e c ie s .  S ince th e  xy lo se  u n i t s  in  what i s  
term ed th e  " a c id ic "  p o ly sacch a rid e  a re  s im i la r ly  lin k e d  (p . 7 4 ) i t  i s  
p o s s ib le  th a t  th e  x y lan  p re se n t in  th e  aqueous f r a c t io n  i s  a  p re c u rso r  
o f t h i s  more complex m a te r ia l .
The po tassium  c h lo r id e  f r a c t io n s
The 0.3M KCl f r a c t io n  had = - 58° (c = 7*2), carb o hydrate
co n ten t o f  71^ ( c a lc ,  from th e  a p p ro p r ia te  g ra p h ) , u ro n ic  a c id  co n ten t 
o f 17^ , and 11^ s u lp h a te  and co n ta in ed  p o ly sac c h a r id e (s )  com prising  
m ain ly  rhamnose, l e s s  x y lo se  and g lu cu ro n ic  a c id  and t r a c e s  o f  mannose.
The O .5M KCl f r a c t io n  co n ta in ed  p o ly sac c h a r id e (s )  com prising  th e  
same su g ars  in  ro u g h ly  th e  same p ro p o rtio n s  and had a carb o hydrate  
co n ten t o f  75^ and a u ro n ic  a c id  con ten t o f 13^. Because o f th e  sm all 
amount o f  m a te r ia l  (9*5 mg carbohydrate) t h i s  f r a c t io n  was not 
in v e s t ig a te d  f u r th e r .
The a c id ic  p o ly sac c h a rid e  ( th e  1 .OM KCl f r a c t io n  from l a t e r  
f r a c t io n a t io n s )  was found to  co n ta in  rhamnose, x y lo se , g lu c u ro n ic  a c id  
and mannose in  th e  fo llo w in g  p ro p o rtio n s  7*5 I 5 « 5 l3 : t r a c e .  I t  had 
=-47° (c = 5 . 6) ,  a  carb o hydrate  co n ten t o f 72^  ( c a lc ,  from th e  
a p p ro p r ia te  graph) and a u ro n ic  a c id  and su lp h a te  co n ten t o f  17^  and 12^  
r e s p e c t iv e ly .  This corresponds to  a  l i t t l e  le s s  th a n  ev ery  f i f t h  u n it  
b e in g  su lp h a te d .
M éth y la tio n  s tu d ie s
An a l iq u o t  o f th e  0.3M KCl f r a c t io n  was m eth y la ted  tw ice  (e x p t. 10) 
and th e  fo llo w in g  m ethy la ted  sugars  were c h a ra c te r is e d  as t h e i r  a l d i t o l  
a c e ta te s .
(T ab u la ted  in  o rd e r  o f  descending  peak a r e a ) .
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Sugar
2 . 3-di-O H nethyl x y lo se
2-0 -m ethy l rhamnose
2 ,3 » 4 -tr i-O -m e th y l xy lo se
3-O-m ethyl xy lose
2,3» 4 - tr i-0 -m e th y l  rhamno s e
3 .4 -(ii-0 -m eth y l rhamnose
Table 4
The sm all amount o f m e th y la ted  rhamnose was r a th e r  s u r p r is in g  
s in c e  rhamnose i s  th e  m ajor su g ar in  t h i s  f r a c t i o n .  This cou ld  be 
. due to  a lk a l i  d e g ra d a tio n  a f t e r  a d d it io n  o f carb an io n  d u rin g  th e  
second m é th y la tio n  and w i l l  be d iscu ssed  f u r th e r  on page 74*
In  o rd e r  to  av o id  t h i s  d e g ra d a tio n  a sample o f  th e  a c id  p o ly ­
sa c c h a rid e  (none o f th e  0.3M KCl f r a c t io n  was a v a ila b le )  was m eth y la ted  
once (e x p t. 10) and h y d ro ly sed . H a lf o f th e  hydro ly s a te  was an a ly sed  
on g . l . c .  as th e  m eth y lg ly co sid es  and th e  fo llo w in g  m eth y la ted  sugars  
were i d e n t i f i e d .
M ethyl g ly c o s id e R e ten tio n  tim e R___ TMG
column ( i) column ( i i )
2 , 3»4-'fcri-0-m ethyl xy lose
2 . 3-di-0-+nethyl x y lose
2 .4-d i-O -m ethy l rhamnose 
2-0-m ethyl rhamnose
3.53» 0 .6 6  
1. 23»1 . 53»1.70 
1.23
3^4
0 . 40 , 0 .52  
0 . 66 ,0 . 70 ,0 .80  
0 .70  
1.1
T a b le  3
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Because many o f th e  m ethy la ted  su g ars  have r e te n t io n  tim es in  th e  
same re g io n s  and th e  g . l . c .  s p e c tra  c o n ta in  a  la rg e  number o f over­
la p p in g  peaks a com plete i n te r p r e ta t io n  was im p o ss ib le . The o th e r  
h a l f  o f  th e  h y d ro ly sa te  was th e re fo re  con v erted  in to  th e  a l d i t o l  
a c e ta te s  and from g . l . c . - m . s .  measurements o f  th e se  a c e ta te s  th e  
fo llo w in g  su g ars  were c h a ra c te r is e d  ( in  o rd e r o f descending  peak a r e a ) .
Sugar
U nm ethylated rhamnose 
U nm ethylated x y lo se
2-0-m ethy l rhamnose
2 ,4 -d i-O -m ethy l rhamnose
2 , 3-d i-O -m ethyl xy lo se  
2 ,3»4 - t r i - ^ m e th y l  x y lo se
3-O-m ethyl rhamnose
3-O-m ethyl x y lo se
Table 6
To confirm  th e s e  m é th y la tio n  r e s u l t s  th e  a l d i t o l  a c e ta te s  were 
su b je c te d  to  m o lecu lar w eight measurement by th e  Cl method on th e  mass 
sp ec tro m e te r (e x p t. 11) (see  p . 2o) •
In  ta b le  7 th e  r e te n t io n  tim es ( r e l a t i v e  to  1 ,5 -d i-O -a c e ty l-  
2 ,3 ,4 » 6 - te tra -0 -m e th y l-D -g lu c îto l)  o f  th e  peaks in  th e  g . l . c .  spectrum  
a re  ta b u la te d  as w ell as th e  expected  and observed  m o lecu lar w eigh ts 
o f th e  a ss ig n e d  m eth y la ted  a l d i t o l  a c e ta te s .
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Peak R e ten tio n  tim e
M olecu lar
w eight
found
M+1
M olecular
w eight
expected
M+1
A ld i to l  a c e ta te  of
1 0 .64 279 279 2 ,3 ,4 -tr i-O -rn e th y l x y l i t 01
2 0 .9 8 321 321 2 ,4-d i-O -m ethy l rham nito l
3 1.23 307 307 2 , 3-d i-O -m ethyl x y l i t o l
4 1.43 349 349 2-0-m ethyl rham nito l
5 1.68 349 349 3-O-methyl rham nito l
6 1.86 377 377 U nm ethylated rham n ito l
8 2.00 335 335 3-O-m ethyl x y l i t o l
9 2.10 363 Not c h a ra c te r is e d
10 3.76 363 363 U nm ethylated x y l i t o l
11 4 .28 303 Not c h a ra c te r is e d
Table 7
As can be seen  from ta b le  7 th e se  r e s u l t s  confirm  th o se  o b ta in ed  
from th e  e a r l i e r  mass sp ec tro m e try  experim en ts. As su lp h a ted  and 
u ro n ic  a c id  c o n ta in in g  p o ly sa c c h a r id e s  a re  known to  be d i f f i c u l t  to  
m e th y la te  co m ple te ly  i t  i s  re a so n a b le  to  assume th a t  th e  r e l a t i v e l y  
h ig h  p ro p o r tio n s  o f f r e e  rhamnose and xy lose  found in  th e  h y d ro ly sa te  
from th e  m e th y la ted  p o ly sac c h a rid e  m ust, in  p a r t ,  be due to  u n d e r- 
m e th y la tio n , p ro b ab ly  due to  s t e r i c  h in d ran ce  by th o se  g ro u p s.
The p rev io u s  m é th y la tio n  s tu d ie s  were a l l  perform ed on th e  a c id ic  
p o ly sac c h a rid e  from th e  pure sam ple, ( p .56) w hile  a l l  th e  in v e s t ig a t io n s  
on th e  fo llo w in g  pages were perform ed on th e  s l ig h ly  con tam inated  sam ple. 
In  s p i te  o f  th e  re p o r te d  con tam ination  no new m ethyl su g ars  were d e te c te d  
in  th e  m eth y la ted  a c id ic  p o ly sacch a rid e  from th e  con tam inated  sam ple.
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I t  can o n ly  Tdg assumed e i th e r  th a t  th e  con tam ination  was ex trem ely  
sm all o r th a t  any new carb o hydrate  d e riv e d  from th e  contam inants 
was p re s e n t in  o th e r  f r a c t i o n s .  The on ly  d if fe re n c e s  th a t  cou ld  he 
d e te c te d  in  th e  m eth y la ted  su g ars  was a d if f e re n c e  in  t h e i r  r e l a t i v e  
p ro p o r t io n s .
C h a ra c te r is a t io n  o f  th e  lin k a g e s  o f th e  u ro n ic  a c id  re s id u e s
A fte r  re d u c tio n  th e  a c id ic  p o ly sac c h a rid e  was 
reco v ered  in  ^0^ y ie ld  (e x p t. 12) and th e  g lu c u ro n ic  a c id  co n ten t 
had been reduced  from 17^ to  4»5^«
The r e l a t i v e  p ro p o r tio n s  o f  th e  d i f f e r e n t  m eth y la ted  su g ars  
p re se n t in  th e  h y d ro ly sa te  a f t e r  m é th y la tio n  o f t h i s  reduced  p o ly ­
sa c c h a rid e  (e x p t. 13) a re  g iv en  in  ta b le  8 .
Sugar
Approximat e 
r e l a t i v e  amount 
(peak a re a s )
2 ,3 ,4 - tr i-O -m e th y l x y lo se 11
2 ,3“di-0--niethyl x y lo se 31
3-O-m ethyl x y lo se
*
unm ethylated  x y lo se 12
2 ,3 ,4 - tr i-O -m e th y l rhamnose 5
3 ,4-d i-O -m ethy l rhamnose 8
2 ,4-d i-O -m ethy l rhamnose tr a c e
2-0-m ethyl rhamnose 26
unm ethylated  rhamnose 34
2 ,3 ,4 ,6 - t  e t ra -0 -m e th y l gluco s e 10
2 ,3 ,6 - tr i-O -m e th y l g lucose 31
* Table 8
This peak i s  p a r t l y  covered by th e  t r i -m e th y la te d  g lucose  peak and th e  
peak a re a  can n o t th e r e f o r e  be o b ta in e d , though i t  can be e s ta b l is h e d  
th a t  i t  i s  a f a i r l y  sm all peak .
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The p resen ce  o f 2 ,3 ,4 ,6 —t e t r a -  and 2 ,3 ,6 -tr i-O -m e th y l g lucose  
p ro v id es  ev idence th a t  th e  m a jo r ity  o f th e  g lu cu ro n ic  a c id  i s
1 ,4 - l i ^ G d  a lth o u g h  a co n s id e ra b le  p ro p o r tio n  i s  a lso  p re se n t as end 
g roup•
A lthough th e  r e l a t i v e  amount o f g lucose  i s  s l i g h t l y  h ig h e r  in  
t h i s  m e th y la ted  p o ly sac c h a rid e  th a n  th e  u ro n ic  a c id  co n ten t o f  th e  
o r ig in a l  polym er th e  r e l a t i v e  p ro p o r tio n  o f  rhamnose to  x y lo se  i s  
e s s e n t i a l l y  th e  same, and i t  i s  th e re fo re  co n sid e red  th a t  t h i s  
m eth y la ted  m a te r ia l  has th e  same o v e ra l l  s t r u c tu r e  as  th e  i n i t i a l  
p o ly sa c c h a r id e •
The r e l a t i v e  amount o f f r e e  x y lo se  from th e  m eth y la ted  reduced 
p o ly sac c h a rid e  ( ta b le  8) i s  c o n s id e ra b ly  le s s  th a n  th a t  p re se n t in  th e  
m eth y la ted  non-reduced  polym er (see  p . 65) in d ic a t in g  th a t  re d u c tio n  
had removed some o f th e  s t e r i c  h in d ran ce  to  m é th y la tio n  and t h i s  f r e e  
x y lo se  d isap p e a rs  com ple te ly  a f t e r  d e su lp h a tio n  and m é th y la tio n  o f  th e  
d e su lp h a te d  p o ly sa c c h a r id e (s )  (p . 7 2 ) . S ince a l l  a ttem p ts  to  d e te c t  
su lp h a te d  x y lo se  re s id u e s  ( p .69) were u n su cc e ss fu l i t  can o n ly  be 
concluded th a t  th e  u n d erm eth y la tio n  was due to  s t e r i c  h in d ra n c e .
Assuming th a t  a l l  th e  su lp h a te  i s  lo c a te d  on rhamnose and th a t  
rhamnose a ls o  occurs as  th e  main b ran ch in g  u n i t ,  th e re  i s  s t i l l  a  h igh  
p ro p o r tio n  o f  f r e e  hydroxyl groups in  th e  m e th y l- and f r e e  rhamnoses 
which can o n ly  be a t t r i b u t e d  to  u n d e rm eth y la tio n . That t h i s  assum ption  
i s  re a so n ab le  i s  shown by th e  alm ost com plete d isap p earan ce  o f  f r e e  
rhamnose in  th e  h y d ro ly sa te  o f  th e  m ethy la ted  d e su lp h a ted  p o ly sac c h a rid e
(p . 7 0 .
The m é th y la tio n  r e s u l t s  o f  th e  (pure) a c id ic  p o ly sac c h a rid e  ( ta b le  6) 
and o f th e  ( s l i g h t l y  contam inated) reduced  a c id ic  p o ly sac c h a rid e  ( ta b le  8) 
in d ic a te s  th a t  th e  rhamnose u n i ts  a re  m ainly  1 ,3 - lin k e d  w ith  a  h igh
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p ro p o r tio n  o f e i th e r  su lp h a te  groups o r b ran ch in g  a t  C-4» w h ile  
sm a lle r  amounts a re  p re se n t* a s  1 ,2 ~ lin k ed  u n i ts  and end g ro u p s .
To t r y  to  o b ta in  more in fo rm atio n  about th e  lo c a t io n  o f th e  
su lp h a te  groups th e  in f r a r e d  spectrum  o f th e  a c id ic  p o ly sac c h a rid e  
was re co rd ed  (see  f i g .  7 )•
The p resen ce  o f  h a l f  e s t e r  su lp h a te  groups in  t h i s  m olecule 
was confirm ed by a b so rp tio n s  a t  1230 -  1270 cm  ^ ( 8 = 0  s t r e tc h in g  
v ib r a t i o n ) , a t  85O cm  ^ ( a x ia l  su lp h a te  groups) and a t  835 cm  ^
( e q u a to r ia l  su lp h a te  groups) • That bo th  e q u a to r ia l  and a x ia l  
su lp h a te  groups a re  p re se n t su g g es ts  th a t  in  a d d it io n  to  su lp h a tio n  
a t  C-4 a t  l e a s t  some o f th e  rhamnose u n i ts  a re  su lp h a te d  a t  C—2, as 
t h i s  i s  th e  o n ly  a x ia l  p o s i t io n  a v a i la b le  in  th e  most energy  
fav o u ra b le  rhamnose conform ation  as shown in  f i g .  8 .
F ig u re  8
A ttem pted d e su ln h a tio n  o f th e  a c id ic  p o ly sacch a rid e  w ith  a l k a l i  
Though th e  3 -^ m e th y l x y lo se  re s id u e  c h a ra c te r is e d  in  th e  
a c id ic  e x tr a c t  i s  p re se n t in  v e ry  low abundance i t  was dec id ed  to  t r y  
to  e s ta b l i s h  i f  i t  i s  due to  a  su lp h a te  group o r a  b ranch  p o in t .  An 
a l iq u o t  o f t h i s  f r a c t io n  was t r e a te d  w ith  a lk a l i  (e x p t. I4) .  I f  th e  
lin k ag e  a t  C-2 i s  due to  su lp h a te  th e n  th e  fo llo w in g  re a c t io n s  could  
occur
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OH"
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F ig u re  9
Pathway a) in  f ig u r e  9 w i l l  g ive  x y lo se  w hile  pathw ay h) w i l l  
g iv e  a ra h in o se  which sh o u ld  he d e te c ta b le  even in  th e  sm all 
q u a n t i t i e s  p ro h ah ly  p r e s e n t . However n e i th e r  a ra h in o se  n o r any 
o th e r  new su g ars  cou ld  he d e te c te d  a f t e r  t h i s  experim en t, which 
in d ic a te s  th a t  th e  1 ,2 ,4 -1 inked  x y lo se  re s id u e s  a re  due to  b ra n c h in g .
The f a c t  th a t  no new su g ars  cou ld  he d e te c te d  in  t h i s  experim ent 
makes th e  p re sen ce  o f  1 ,2 —lin k e d  rhamnose re s id u e s  su lp h a te d  a t  C—3 
o r C-4 u n l ik e ly  s in c e  th e s e  u n i t s  cou ld  undergo th e  r e a c t io n  
o u t l in e d  in  f ig u r e  9*
Because o f  th e  sm all d if f e r e n c e s  in  s u lp h a te  co n ten t th e  
p o ly sa c c h a r id e  would have on t h i s  d e su lp h a tio n  no su lp h a te  
d e te rm in a tio n  was perform ed a f t e r  th e  a l k a l i  t r e a tm e n t .
D e su lp h a tio n  o f  th e  red u ced  a c id i c  p o ly s a c c h a r id e
An a l iq u o t  (45 mg) o f  th e  red u ced  a c id i c  p o ly s a c c h a r id e  was 
d e su lp h a te d  w ith  m e th a n o lic  hydrogen  c h lo r id e  ( e x p t .  15) and ahout 80^  
o f  th e  m a te r ia l  was r e c o v e r e d . (Due t o  th e  sm a ll amount o f  d e su lp h a te d  
m a te r ia l  a v a i la b le  th e  s u lp h a te  c o n te n t  was n ot determ in ed ) .
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The fo llo w in g  su g ars  were c h a r a c te r is e d  as t h e i r  a l d i t o l  a c e ta te s  
a f t e r  m é th y la tio n  o f  th e  d esu lp h a ted  a c id ic  m a te r ia l  (e x p t. 16) .
( in  o rd e r  o f descend ing  peak a r e a s ) .
Sugar
3 ,4-d.i-O -m ethyl rhamnose
2 . 3-d i-O -m ethy l rhamnose ) *
2 .4 -d i-O -m ethy l rhamnose )
2 , 3 -d i-O -m ethy l x y lo se  
3-0-m ethy l rhamnose
2-O-m ethyl rhamnose
2 .3 .6 - t r  i-O -m ethyl g lucose
2 .3 .4 .6 - te tra -O -m e th y l g lu co se
2 .3 .4 - tr i-O -m e th y l x y lo se
3-0-m ethy l x y lo se  
unm ethy la ted  rhamnose
2 .3 .4 - tr i-O -m e th y l rhamnose
Table 9
This i s  by f a r  th e  la r g e s t  rhamnose p eak . The th re e  
d im e th y la ted  rhamnose u n i t s  have v e ry  s im i la r  r e te n t io n  
tim es  as t h e i r  a l d i t o l  a c e ta te s  and t h i s  peak a re a  
re p re s e n ts  a l l  t h r e e .  The m .s . s tu d ie s  su g g es ts  on 
on th e  o th e r  hand th a t  th e  amount o f 3 ,4 -d i-O -m ethy l 
rhamnose i s  f a i r l y  sm all compared to  th e  o th e r  tw o.
A f t e r  r e d u c t io n  and d e s u lp h a t io n , m é th y la t io n  has r e s u l t e d  in  
g r e a t ly  in c r e a s e d  q u a n t i t i e s  o f  d i-O -m eth y l rham noses and red u ced  
amounts o f  f r e e  rhamnose compared w ith  th e  r e s u l t s  from  th e  m eth y la te d  
su lp h a te d  p o ly s a c c h a r id e  ( s e e  t a b le s  6 , 8 and 9 ) • The d im eth y l su g a rs
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cou ld  have a r i s e n  d i r e c t l y  as a  r e s u l t  o f th e  removal o f  su lp h a te  groups 
o r i n d i r e c t l y  from more com plete m é th y la tio n  due to  removal o f  s t e r i c  
h in d ra n c e .
The p resen ce  o f o n ly  sm all amounts o f 3 ,4 “d.i“2.“ii^e'tkyl rhamnose 
b e fo re  as  w e ll as a f t e r  d e su lp h a tio n  f u r th e r  confirm s th e  a l k a l i  
d e su lp h a tio n  r e s u l t  (p .69) t h a t  th e  1 ,2 - lin k e d  rhamnose u n i t s  a re  no t 
su lp h a te d ,
- The p resen ce  o f 2 ,3 -d i-O -m ethy l rhamnose in  th e  m eth y la ted  
d e su lp h a ted  p o ly sa c c h a r id e  in d ic a te s  f o r  th e  f i r s t  tim e 1 ,4 - l in k e d  
rhamnose u n i t s  in  th e  p o ly s a c c h a r id e . This d im ethy l su g ar cou ld  have 
been  d e riv e d  from some o f  th e  u n i t s  which p re v io u s ly  gave r i s e  to
2-0-m ethy l rhamnose u n i t s  (see  t a b le  8) which them selves were d e riv e d  
from 1 ,4 -liïiked . rhamnose re s id u e s  su lp h a te d  a t  C-3* The
3-0-m ethy l rh am n o se ,p rev io u s ly  ab sen t from th e  h y d ro ly sa te  o f th e  
m e th y la ted  su lp h a te d  p o ly sa c c h a r id e  (see  t a b le  8 ) , cou ld  have been 
d e riv e d  e i t h e r  from p re v io u s ly  s t e r i c a l l y  h in d e re d  rhamnose u n i t s  
l in k e d  a t  C-2 and C-4 o r  u n i t s  l in k e d  a t  C-2 and C-4 and su lp h a te d  a t  C-3*
Some o f th e  d im ethy l rhamnose re s id u e s  in  t h i s  spectrum  might a ls o  be 
d e riv e d  from d isu lp h a te d  rhamnose r e s id u e s .
As IR sp ec tro sc o p y  in d ic a te d  some su lp h a te  a t  C—2 o f  th e  rhamnose 
(p . 69 ) th e  2 -0-m ethy l rhamnose p re se n t in  th e  h y d ro ly sa te  o f th e  
m e th y la ted  d e su lp h a te d  p o ly sac c h a rid e  was d e riv e d  e i t h e r  from s t e r i c a l l y  
h in d e re d  rhamnose u n i t s  l in k e d  a t  C-3 o r  C-4 and su lp h a te d  a t  C-2 o r  from 
1 ,3 t4 - l in k e d  rhamnose u n i t s  su lp h a te d  a t  C-2. A d is u lp h a te d  rhamnose 
u n it  would a ls o  f i l l  t h i s  req u irem en t.
A s t r i k i n g  d if f e r e n c e  betw een th e  g . l . c .  spectrum  o f  th e  d e su lp h a te d  
p o ly sac c h a rid e  and th o se  from th e  o r ig in a l  m a te r ia l  (p . 6 5 ) and a ls o  th e  
carbodiim ide  reduced  p o ly sac c h a rid e  (p . 67) i s  th e  t o t a l  absence o f  f r e e
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x y lo s e . At th e  same tim e th e  m eth y la ted  x y lo ses  from th e  d e su lp h a ted  
p o ly sac c h a r id e  a re  th e  same a s  th o se  from th e  s u lp h a te d  p o ly sac c h a rid e  
and t h i s  i s  f u r th e r  ev idence th a t  th e  x y lo se  re s id u e s  a re  devoid  o f 
e s t e r  su lp h a te  and th a t  th e  more com plete m é th y la tio n  a f t e r  d e su lp h a tio n  
i s  due to  th e  rem oval o f s t e r i c  h in d ra n c e . The x y lo se  re s id u e s  a re  
m ain ly  1 ,4 -li% ked  w ith  sm a lle r  amounts p re s e n t as  e i t h e r  end groups 
o r 1 ,2 ,4 - l ih k e d  branch  p o in ts .  I t  seems u n l ik e ly  th a t  th e y  a re  
p re s e n t in  a  homoxylan s in c e  such a p o ly sa c c h a r id e  would be e lu te d  w ith  
w a ter from th e  D E -ce llu lo se  column.
I t  seems v e ry  p ro b ab le  from th e  r e s u l t s  t h a t  t h i s  a c id ic  m ucilage 
c o n s is ts  o f a complex fa m ily  o f p o ly d isp e rse  h ig h ly  b ranched  p o ly ­
s a c c h a r id e s , a l l  b u i l t  up on th e  same g e n e ra l p la n  b u t w ith  c o n s id e ra b le  
v a r i a t io n  in  s iz e  and in  th e  e x te n t o f  b ra n c h in g . There a re  1 ,4 - l in k e d  
g lu c u ro n ic  a c id  and x y lo se  u n i t s  and a l l  th r e e  su g ars  a re  p re se n t a s  end 
g ro u p s. The rhamnose and to  l e s s e r  e x te n t x y lo se  a re  th e  o n ly  su g ars  
to  occu r a t  b ranch  p o in ts .  Rhamnose ap p ears  to  be l in k e d  in  ev ery  
p o s s ib le  way, a lth o u g h  1 ,3 - l in k e d  u n i t s  w ith  su lp h a te  on C-4 (a n d /o r  0-2) 
and 1 ,4 - l in k e d  u n i t s  w ith  su lp h a te  on 0-2 a n d /o r  0-3 a re  dom inant.
At th e  same tim e 1 ,3 -  and 1 ,4 - l in k e d  u n i t s  cou ld  a ls o  be p re se n t as 
b ranch  p o in ts  s in c e  3 -0— and 2-0—m ethyl rhamnose a re  p re s e n t in  th e  
h y d ro ly sa te  o f  th e  m e th y la ted  d e su lp h a te d  p o ly s a c c h a r id e .
A lk a lin e  d e g ra d a tio n  o f th e  m eth y la ted  a c id ic  p o ly sac c h a r id e
In  re c e n t y e a rs  a  h ig h ly  su c c e s s fu l method in  s t r u c tu r e  e lu c id a t io n
o f p o ly sa c c h a r id e s  c o n ta in in g  u ro n ic  a c id  re s id u e s  has been developed .
I t  in v o lv es  m é th y la tio n  o f hydroxyl and carboxyl g roups, b a s e -c a ta ly s e d
15e lim in a tio n  o f  th e  u ro n ic  a c id  fo llo w ed  by m ild  h y d ro ly s is  w ith  a c id  .
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The degraded p roduct can th e n  he e th e r i f i e d  w ith  tr id e u te r io m e th y l  
groups and reh y d ro ly sed  and co n v erted  in to  a l d i t o l  a c e ta te s  and 
an a ly sed  hy g . l . c . - m . s . .  Comparison o f  t h i s  a n a ly s is  w ith  th e  
a n a ly s is  o f  th e  o r ig in a l  m eth y la ted  p o ly sac c h a rid e  g iv es  in fo rm a tio n  
on th e  n a tu re  o f th e  sugar re s id u e s  on e i t h e r  s id e  o f th e  u ro n ic  
a c id  r e s id u e .
When p o ly sa c c h a r id e s  c o n ta in in g  h ex o p y ranosy lu ron ic  a c id  re s id u e s  
a re  m e th y la ted  hy th e  Hakomori method w ith  sodium m ethyl su lp h in y l 
and m ethyl io d id e  in  m ethyl su lp h o x id e , com plete m é th y la tio n  and 
e s t é r i f i c a t i o n  i s  u s u a l ly  o b ta in e d  in  one s te p .  D egrada tion  by 
p -e lim in a tio n  o r r e a c t io n  o f  th e  e s t e r  group w ith  th e  m ethyl su lp h in y l 
an io n  a re  i n s ig n i f i c a n t ,  d u rin g  t h i s  p ro cess  p ro b ab ly  because o f  th e  
f a s t e r  r e a c t io n  betw een th e  an io n  and th e  m ethyl io d id e  which i s  used  
in  e x c e ss . The m ethyl u ro n a te  re s id u e s  in  th e  m e th y la ted  polym er c a r ry  a 
good le a v in g  group a t  p o s i t io n  4, e i t h e r  a d e r iv a t iv e  o f  a  su g ar 
re s id u e  a ls o  p re se n t in  th e  o r ig in a l  p o ly sac c h a rid e  o r a  m ethoxyl g roup .
On tre a tm e n t w ith  base  t h i s  group w i l l  be e lim in a te d  and an u n s a tu ra te d  
u ro n a te  re s id u e  i s  form ed. This g iv es  an a c id  l a b i l e  m oie ty  and m ild  
h y d ro ly s is  w ith  a c id ,  u s in g  c o n d itio n s  under which g ly c o s id ic  lin k a g e s  a re  
s ta b le  y ie ld s  a fu ra n  d e r iv a t iv e  as shown in  f ig u r e  10.
7 6
R 'O
OoCH
1 b a s e
OgCH
R"0 H " >
OoCH
+ Rk)H H
H n
>  0>-C 02CH 3 + R2QH + R30H
R = su g ar re s id u e
R^,R^,R'^ = CH  ^ o r  su g ar re s id u e
F ig u re  10
When a su g a r , e .g .  L-rham nose, i s  lin k e d  to  C-4 in  th e  u ro n a te  
r e s id u e  which a f t e r  m é th y la tio n  i s  e lim in a te d  hy b a se , th e  r e s u l t i n g  
re d u c in g  su g ar re s id u e  has a  good le a v in g  group a t  p o s i t io n  3 and 
w i l l  undergo a  f u r th e r  p - e l im in a tio n  and u l t im a te ly  g iv e  a  fu ra n  as 
shown in  figu re 11.
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OH b a s e . OH + r20‘
Ha N o H + R’OH + (A)H H
.0
o
Ha
1 2 1R ,R ,R = CH. o r  su g ar re s id u e
F ig u re  11
A ch a in  o f  1 ,3 - l in k e d  rhamnose re s id u e s  linked to  C-4 o f th e  
u ro n a te  re s id u e  w i l l  th e r e f o r e  be co m ple te ly  degraded .
To h e lp  in t e r p r e t  th e  r e s u l t s  from d e g ra d a tio n  experim ents 
th e r e  a re  two ways o f  l a b e l l in g  th e  degraded  m olecule and th e re b y  
o b ta in in g  more in fo rm a tio n  about th e  groups l in k e d  to  u ro n ic  a c id  
r e s id u e s .  The re s id u e  l in k e d  to  p o s i t io n  1 o f  th e  uronic a c id  can be 
la b e l le d  as shown in  f ig u r e  12.
When t h i s  rhamnose re s id u e  i s  a n a ly sed  as  i t s  a l d i t o l  a c e ta te  on 
g . l . c . - m . s .  th e  p resen ce  and th e  s i t i n g  o f th e  deu terom ethy l group w i l l  
re v e a l th a t  t h i s  rhamnose re s id u e  was l in k e d  th ro u g h  C-4 to  th e  u ro n ic  
acids p o ten tia l reducing group.
7 8
O O —
a b ase
b mild acid hydrolysis 
c rem ethy la t ion , CD^I
O —
Fifflire 12
S ince th e  re s id u e s  l in k e d  to  th e  u ro n ic  a c id s  a t  C-4 a re  alw ays 
degraded t h i s  re s id u e  cannot be la b e l le d  in  any way bu t sometimes i t s  
n e ig h b o u rin g  group can be as shown in  f ig u r e  13.
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0 - 1CHs
bc
G
a
1 d e g r a d a t i o n
2 mi ld  h yd r o l y s i s
3 r e d u c t i o n ,  NaB04
4  a c é t y l a t i o n
ÇDHOAc
ÇHOMe
CHOMe
CHOAc
I
CH,
G
F i ^ r e  13
As can t e  seen  from t h i s  f ig u r e  th e  re s id u e  (c) i s  d e u te ra te d  a t  
C—1 and t h i s  i s  e a s i ly  re c o g n ise d  d u rin g  a n a ly s is  and i t  can th e re fo re  
he e s ta b l is h e d  th a t  t h i s  p a r t i c u l a r  re s id u e  i s  nex t hu t one to  th e  
uronic a c id . By analysing the methylated polysaccharide before and
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a f t e r  d e g ra d a tio n  i t  can o f te n  he e s ta b l is h e d  which re s id u e  i s  
m iss in g  in  th e  degraded p o ly sac c h a r id e  and th e  sequence a  -  h -  c 
can he e s ta b l i s h e d .  On th e  o th e r  hand i f  re s id u e  (h) was 1 ,3 - l in k e d  
a l l  th r e e  u n i t s  would he degraded  and th e  nex t u n i t  a lo n g  th e  chain  
would he th e  one to  he d e u te ra te d  on re d u c tio n .
This method has been used  s u c c e s s fu l ly  on a  number o f  p o ly ­
s a c c h a rid e s  w ith  a  r e g u la r  r e p e a tin g  s t r u c tu r e ,a n d  th e  s t r u c tu r e s  o f 
p o ly sa c c h a r id e s  w ith  f a i r l y  la rg e  re p e a tin g  u n i t s  have been 
de term ined  hy com bining th e  a lk a l in e  d eg ra d a tio n  method w ith  p e r io d a te  
o x id a tio n  and o th e r  ex p erim en ts^^ '
To use  t h i s  method on a fa m ily  o f  p o ly sa c c h a r id e s , such as  th e  
p re s e n t a c id ic  p o ly sa c c h a r id e (s )  w ith  no obvious re p e a tin g  u n i t  w i l l  
p ro b ab ly  g iv e  in fo rm a tio n  th a t  i s  b o th  l im i te d  and d i f f i c u l t  to
in te r p r e t  , as th e  fo llo w in g  q u o ta tio n  from P ro fe s s o r  B. L indberg  
18in d ic a te s  . ’Some p o ly sa c c h a r id e s  have re g u la r  s t r u c tu r e s ,  th e  
b io s y n th e s is  o f  o th e r  p o ly sa c c h a r id e s  seems to  be governed by 
s t a t i s t i c a l  p r in c ip le s .  F or th e  l a t t e r ,  th e re  may no t even be two 
id e n t i c a l  m olecu les in  th e  p o ly sac c h a rid e  sample and concep ts such as 
p u r i t y  and s t r u c tu r e  may be d i f f i c u l t  to  d e f in e " .
I t  was n e v e r th e le s s  d ecided  to  t r y  t h i s  d e g ra d a tio n  p rocedu re  on 
th e  p re se n t a c id ic  p o ly sac c h a r id e  (e x p t. 17) one o f  th e  main reaso n s  
b e in g  th a t  a l l  th e  p o ly sa c c h a r id e s  so f a r  su b je c te d  to  t h i s  method have 
been devoid  o f  su lp h a te  and i t  was o f  i n t e r e s t  to  observe th e  e f f e c t  i f  any 
o f  th e  su lp h a te  groups on t h i s  r e a c t io n .
In  th e  f i r s t  d e g ra d a tio n  experim ent o f th e  a c id ic  p o ly sac c h a r id e  no 
re c o g n isa b le  m e th y la ted  carb o h y d ra te  re s id u e s  were id e n t i f i e d ,  n e i th e r  
in  th e  w a ter no r in  th e  ch loroform  e x tra c te d  f r a c t io n  and th e  experim ent 
was th e re fo re  re p e a te d .
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A fte r  e x t r a c t io n  and m ild  a c e t ic  a c id  h y d ro ly s is  o f  t h i s  second 
degraded  sample about equal amounts o f  carb o h y d ra te  (ca .1 2  mg in  each) 
were found in  th e  ch lo ro fo rm  and in  th e  w a ter e x t r a c t . '
The ch loroform  e x tr a c t  was found to  c o n ta in  t r a c e s  o f 2 , 3 , 4 - t r i -  
0-m ethy l x y lo se  and 2 , 3 -d i-O -m ethyl x y lo se  as th e  on ly  re c o g n isa b le  
su g a rs .  Mass s p e c t r a  o f th e  peaks from  t h i s  g . l . c .  
t r a c e  c o n ta in ed  fragm ents expec ted  from m eth y la ted  a l d i t o l  a c e ta te s  
to g e th e r  w ith  u n id e n t i f ie d  frag m en ts . This in d ic a te s  th e  p resen ce  o f  
degraded su g ar r e s id u e s .  To t r y  to  id e n t i f y  th e s e  degraded re s id u e s  
th e  m o lecu la r w eigh ts  o f th e  peaks in  th e  g . l . c .  t r a c e  were reco rd ed  
by th e  Cl m ethod. Most o f  th e  m o lecu lar w eigh ts  re co rd ed  were le s s  
th a n  300 which f u r th e r  confirm s th e  p resen ce  o f  degraded  su g ar 
r e s id u e s .  Even w ith  th e  m o lecu lar w eigh ts and t h e i r  breakdown _ 
p a t te r n s  none o f  th e s e  degraded  su g ar re s id u e s  cou ld  be s u c c e s s fu l ly  
c h a r a c te r is e d .  R em ethy la tion  o f an  a l iq u o t  o f  th e  ch loroform  e x tr a c t  
w ith  d e u te ra te d  m ethyl io d id e  was e q u a lly  u n s u c c e s s fu l.
From th e  w a te r e x t r a c t  th e  fo llo w in g  su g ars  were c h a r a c te r is e d  as  
t h e i r  a l d i t o l  a c e ta te s :
( in  o rd e r  o f descend ing  peak a rea )
2 , 3 -d i-O -m ethy l x y lo se  
2 -0-m ethy l rhamnose 
unm ethy la ted  rhamnose 
unm ethy la ted  x y lo s e .
Few peaks co rre sp o n d in g  to  degraded re s id u e s  w0<L found in  t h i s  
e x t r a c t .
These r e s u l t s  in d ic a te  th a t  about $0^ o f th e  m olecule has been 
d egraded . I t  i s  p o s s ib le  to  d ev ise  a s t r u c tu r e  (F ig . 14 p . 82) which
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e x p la in s  th e s e  r e s u l t s  and which i s  in  keep in g  w ith  a l l  th e  p rev io u s  
r e s u l t s .  In  t h i s  fo rm ula  th è  u ro n ic  a c id  end group w i l l  he degraded 
w ithou t a f f e c t in g  i t s  n e ig h b o u rin g  r e s id u e s .  The u ro n ic  a c id  u n i t s  
in  th e  c h a in , on th e  o th e r  hand, w i l l  degrade t h e i r  n e ig h b o u rin g  
re s id u e s  and th e re  i s  a  p o s s i b i l i t y  o f  a  d eg ra d a tio n  ch a in  re a c t io n
th ro u g h  su c c e ss iv e  1 ,3 - l in k e d  rhamnose u n i ts  as shown in  f ig u r e  14*
I t  fo llo w s th a t  such a m olecule i s  b roken in to  sm all fragm en ts and 
o lig o s a c c h a r id e s . However i t  must be em phasised th a t  t h i s  i s  o n ly  one
o f a number o f p o s s ib le  form ulae which cou ld  be drawn which would f i t  th e
f a c t s .
n e v e r th e le s s  th e  r e s u l t s  o f th e  a lk a l in e  d e g ra d a tio n  do p erm it 
th e  co n c lu s io n  th a t  a l l  th r e e  su g ars  a re  m u tu a lly  l in k e d , th a t  th e  
g lu c u ro n ic  a c id  i s  p re s e n t in  th e  in n e r  p a r t  o f  th e  m olecule 
g ly c o s id ic a l ly  l in k e d  to  rhamnose and p o s s ib le  to  x y lo se  and th a t  some o f 
th e  x y lo se  i s  p re s e n t in  s id e  c h a in s .
I t  was n o t expec ted  th a t  1 ,4 - l in k e d  u n i t s  su lp h a te d  on C-2 and on 
C-3 o r 1 ,3 - li iik e d  u n i t s  su lp h a te d  on C-2 would a f f e c t  t h i s  d e g ra d a tio n  
and th e  r e s u l t s  a p p a re n tly  confirm s t h i s  ex p ec ta tio n #
The a c id  e x tr a c t
A f te r  d i a ly s i s  and f r e e z e -d ry in g  t h i s  e x tr a c t  a  sm all amount o f  a 
w h ite  powder (3*3^ o f th e  d ry  w e ig h t,c a rb o h y d ra te  co n ten t 82^) was o b ta in e d . 
Paper chrom atography and g . l . c .  a n a ly s is  o f  a  h y d ro ly sa te  re v e a le d  th a t  
t h i s  powder c o n s is te d  a lm ost e n t i r e l y  o f  g lu co se  re s id u e s  w ith  t r a c e s  o f 
rhamnose, x y lo se , mannose and g lu c u ro n ic  a c id  u n i t s  a ls o  p r e s e n t .
An a l iq u o t  o f th e  powder was t r e a t e d  w ith  K l/ l^  s o lu t io n  and a 
b lu is h /p u rp le  co lo u r was o b ta in e d . This in d ic a te s  th e  p resen ce  o f
84
1 ,4 - l in k e d  g lu co se  re s id u e s  and to  confirm  t h i s  a  sample was m e th y la ted . 
2 ,3 j6 - t r i -0 -m e th y l  g lu co se  was found to  be th e  main peak w ith  sm all 
amounts o f  2 ,3 ,4 ,8 - t e t ra -0 -m e th y l g lu co se  and 2 ,3 -d i-O -m ethy l g lucose  
a ls o  p r e s e n t .  These r e s u l t s  in d ic a te  th e  p resen ce  o f  an  am ylopectin  
ty p e  g lu c an . T races o f  m e th y la ted  x y lo se  and rhamnose re s id u e s  were 
a lso  found .
The p resen ce  o f  an  am y lopectin  ty p e  p o ly sa c c h a r id e  in  th e  a c id ic  
e x tr a c t  i s  a t  f i r s t  g lan ce  somewhat s u r p r i s in g .  However t h i s  was a ls o  
found in  _U. p e n ic i l l i f o r m is ^ and m icroscop ic  ev idencê on th e  l a t t e r  
a f t e r  aqueous e x t r a c t io n  in d ic a te d  th a t  not a l l  th e  c e l l s  were broken 
by  th e  aqueous e x tr a c t io n  and th a t  th e  g lu can  was " lo ck ed  up" in s id e  
th e  c e l l  u n t i l  i t  cou ld  be re le a s e d  by a s u f f i c i e n t l y  d r a s t i c  e x t r a c t io n  
m ethod. The same i s  p ro b ab ly  t r u e  f o r  th e  p re se n t a lg a .  __
.The re s id u e
The brow nish s o l id  o b ta in e d  a f t e r  th e  a c id  e x t r a c t io n  was found to  
c o n ta in  33^ p r o te in .  The s o l id  gave th e  c h a r a c t e r i s t i c  red d ish /b row n  
co lo u r w ith  H erzberg ’s s ta in ^ ,  in d ic a t in g  th e  p resen ce  o f  c e l l u lo s e .
H y d ro ly sis  w ith  $0^ fo rm ic  a c id  l e f t  40^ unhydro lysed  and th e  
h y d ro ly sa te  was found to  c o n ta in  m ain ly  g lu co se  and sm all amounts o f  
rham nose, x y lo se  and g lu c u ro n ic  a c id .  The main re s id u e  was th e re fo re  
no t e x tra c te d  f u r th e r .
The p resen ce  o f  rham nose, x y lo se  and g lu c u ro n ic  a c id  in  th e  
h y d ro ly sa te  o f  t h i s  re s id u e  su g g es ts  th a t  w h ile  th e  b u lk  o f  th e  
glucuronoxylorham nan i s  e a s i l y  removed as th e  m ucilage w ith  ho t w a ter, 
some o f  i t  i s  d eep ly  imbedded in  th e  c e l l u lo s e /p r o te in  m a trix  o f  th e  c e l l  
w a ll ,  and th u s  i s  d i f f i c u l t  to  e x t r a c t .
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Codiolum p u siliu m
I ,  E x tr a c t io n  p roced u re
The a lg a  was p lunged in to  a b so lu te  e th an o l im m ediately  a f t e r  
c o l le c t io n  and th e  r e s u l t i n g  dark  g reen  e x tr a c t  was combined w ith  th e  
e th an o l e x t r a c ts  from th e  p re se n t ex p erim en ts . As b e fo re  th e  
r e s id u a l  m a te r ia l  was a i r  d r ie d  and w eighed. This w eight i s  l a t e r  
r e f e r r e d  to  as th e  d ry  w eight though s l i g h t l y  in c o r re c t  s in c e  some 
m a te r ia l  had been e x tra c te d  in to  th e  a b so lu te  e th a n o l .
The d ry  a lg a  (4*75 g) was ground to  a  f in e  powder u n d e r’l i q u id  
n i t r o g e n  and th e  same e x tr a c t io n  p rocedure  was u sed  f o r  t h i s  a lg a  as 
f o r  U rospora w o r m s k io ld i i .
The e x tr a c t io n  p rocedu re  i s  i l l u s t r a t e d  in  flow  c h a r t I I .
Experim ent 1 E th a n o lic  e x tr a c t io n
A f te r  rem oving ch lo ro p h y ll by w a te r /to lu e n e  p a r t i t i o n  a  yellow  
s o l id  (352 mg) was o b ta in e d .
Experim ent 2 Aqueous e x tr a c t io n
The combined e x t r a c ts  were c o n c e n tra te d  to  sm all volume and p o ly ­
sa c c h a rid e  was p r e c ip i t a t e d  by th e  a d d i t io n  o f  4 volumes o f  e th a n o l .
The d e riv e d  w h ite  s o l id  was r e d is s o lv e d , d ia ly s e d  and f r e e z e - d r ie d  to  
a  w h ite  powder (550 mg) . The e th a n o l ic  s o lu t io n  was ta k en  down to  
d ry n ess , th e  s o l id  was re d is s o lv e d  in  w a ter and f r e e z e - d r ie d  to  a  w hite  
powder (120 mg).
Experim ent 3 Acid e x tr a c t io n
A f te r  d ia ly s in g  and f r e e z e -d ry in g  th e  combined e x t r a c t s ,  a  w h ite  
s o l id  was o b ta in ed  (770 mg) . The re s id u e  a f t e r  t h i s  e x t r a c t io n  was 
not e x tra c te d  f u r th e r ,  bu t washed w ith  co ld  w a ter and f r e e z e -d r ie d  as a  
su sp en sio n , y ie ld in g  a  brow nish s o l id .
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Flow Chart I I E x tra c t io n  p rocedure  o f Codiolum
C o lle c tio n
Powdered
Kept in  e th a n o l , a i r  d r ie d  
Dry w eight 4*75 g
Ground under l iq u id  n i tro g e n
E thano l e x t r a c t io n  E x tra c te d  2 x 300 ml 80^ e th a n o l, 25°C, 8 h
3 X 300 .ml 80^ e th a n o l, b o i l in g ,  8 h
Combined e x t r a c ts  p a r t i t io n e d  betw een to lu e n e  
and w a te r . From w a te r la y e r  332 mg
Aqueous e x tr a c t io n  E x tra c te d  2 x 300 ml w a ter, 23°C, 8 h
3 X 300 ml w a te r , 100°C, 8 h
Combined e x tr a c ts
S o lu tio n  120 mg
e th an o l
P r e c ip i t a t e  330 mg
Acid e x tr a c t io n E x tra c te d  5 x 300 ml d i l u t e  HCl, pH = 2 .0 , 70 C, 8 h 
Combined e x t r a c ts  d ia ly s e d  and f r e e z e - d r ie d  770 mg.
V
Residue
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I I ,  I n v e s t ig a t io n  o f  t h e  d i f f e r e n t  e x t r a c t s  
The e t h a n o l ic  e x tr a c t
Experim ent 4 * S ep a ra te  a l iq u o ts  o f th e  e th an o l s o lu b le  s o l id  was 
re d is s o lv e d  in  w ater and t r e a te d  w ith  B io d em in ro lit and IR 120H 
r e s in s  r e s p e c t iv e ly  to  remove in o rg a n ic  m a te r ia l  s t i l l  p re s e n t ,  
and t h e r e a f t e r  examined as  fo llo w s ;
P aper chromatograms ru n  in  d i f f e r e n t  s o lv e n ts  [GM I I I  ( i )  ,
(a-c^ ] were developed w ith  a  number o f  lo c a t in g  re a g e n ts  [_(M IV ( i ,  i i ,  
iv  and v i)  ] .
lo n o p h o re s is  was c a r r ie d  out in  p y r id in e /a c e t ic  a c id  b u f f e r  
[GM I I I  ( i i )  ( b ) ] .
A 3MM p ap er was ru n  f o r  18 hours in  so lv e n t [GM I I I  ( i )  ( a ) ]  and 
th e  d i f f e r e n t  s t r i p s  were e lu te d  and th e  in d iv id u a l  su g ars  were 
c h a r a c te r is e d  by  p ap er chrom atography, io n o p h o re s is  and by g . l . c .  o f 
th e  sugar TMS and a l d i t o l  TMS d e r iv a t iv e s  [GM V A ( i i ) ,  V B ( i i i ) ] .
Some o f  th e  e lu a te s  were h y d ro ly sed  [GTi I I  ( i )  ]  and th e  h y d ro ly sa te s  
examined by pap er chrom atography, io n o p h o re s is  and g . l . c .
An a l iq u o t  was h y d ro ly sed  [GM I I  ( i ) ]  and th e  h y d ro ly sa te  s e p a ra te d  
on 3MM p ap er in  so lv e n t [ gM I I I  ( i )  ( a ) ] .  The d i f f e r e n t  s t r i p s  were 
e lu te d  and th e  in d iv id u a l  su g ars  were c h a r a c te r is e d  by pap er 
chrom atography and by g . l . c .
The aqueous e x tr a c t
The e th a n o l s o lu b le  m a te r ia l
Experim ent 3 . An a l iq u o t  (15 mg) was h y d ro ly sed  and th e  su g ars  p re se n t 
c h a r a c te r is e d  by pap er chrom atography in  so lv e n ts  [GM I I I  ( i )  ( a - c ) ]  and 
lo c a t in g  a g en ts  [GM IV ( i ,  i i ,  iv  and v i i ) ]  and by g . l . c .  o f  th e  su g ar 
TMS and a l d i t o l  TMS d e r iv a t iv e s  [GM V A ( i i ) ,  V B ( i i i ) ] .  A liq u o ts
o f th e  o r ig in a l  m a te r ia l  were a ls o  ru n  in  th e  same s o lv e n ts .
Furtherm ore th e  carb o h y d ra te  co n ten t [GM VI ( i ) ] ,  th e  su lp h a te  
c o n ten t [GM VI ( i i i ) ]  and th e  p r o te in  co n ten t [GM VI ( i v ) ]  were a l l  
d e te rm in ed .
Experim ent 6 M éth y la tio n  o f th e  e th an o l so lu b le  m a te r ia l
An a l iq u o t  (20 mg) was m e th y la ted  once by th e  Hakomori method 
[ cm V II ( v i i i ) ] .  The p roduct was h y d ro ly sed  [CM I l ( i ) ] , reduced  
[ cm V II ( v ) ] ,  co n v erted  in to  th e  a l d i t o l  a c e ta te s  [CM V II ( v i i ) ]  
and an a ly sed  by g . l . c .  and g . l . c . - m . s .  [GM V A ( i i ) , B (iv ) , C ( i i ) ] .
The e th an o l in s o lu b le  m a te r ia l
Experim ent 7 C h a ra c te r is a t io n  o f th e  c o n s t i tu e n t  su g ars  and th e  u ro n ic  
a c id
An a l iq u o t  o f  th e  w h ite  s o l id  (3 0 .4  mg) was h y d ro ly sed  [GM I I  ( i ) ]  
.and a  te n th  o f th e  h y d ro ly sa te  was a n a ly sed  by pap er chrom atography in  
s o lv e n ts  [GM I I I  ( i )  ( a - c ) ]  and sp ray s  [CM IV ( i ,  i i  and i v ) ] and by 
io n o p h o re s is  [CM I I I  ( i i )  (b and c ) ] (T able 1 1 ). A nother te n th  o f  th e  
hydro ly s a te  was a n a ly se d  by g . l . c .  [CM V A ( i i )  ] as  th e  TMS, a l d i t o l  
TMS and a l d i t o l  a c e ta te  d e r iv a t iv e s  [CM V B ( i i i  and i v ) ] .  The 
r e s t  o f  th e  h y d ro ly sa te  was s e p a ra te d  on th e  3MM p ap er in  so lv en t 
[ cm I I I  ( i )  ( a ) ] ,  th e  d i f f e r e n t  su g ars  and u ro n ic  a c id  were e lu te d  and 
th e  s p e c i f ic  r o ta t io n s  were m easured [CM I  (v ) ] f o r  some o f th e  s u g a rs .
Experim ent 8 F ra c t io n a t io n  o f  th e  e th an o l in s o lu b le  m a te r ia l
An a l iq u o t  o f  th e  w h ite  s o l id  (4O8 mg) was d is so lv e d  in  w a ter 
(40 ml) and la y e re d  on to  a  BE-32 c e l lu lo s e  column [GÜ4 V II ( x i ) ] .  The 
column was e lu te d  w ith  about 600 ml o f  each o f th e  fo llo w in g  s o lu t io n s :  
w a te r , 0.1M KCl, 0.2M KCl, 0.3M KCl, O .5M KCl and 1.0M KCl.
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Experim ent 9 Com position o f  th e  d i f f e r e n t  f r a c t io n s
The s p e c i f ic  r o ta t io n s  o f some o f  th e  f r a c t io n s  were m easured 
[GM I  ( v ) ] .  The ca rb o h y d ra te  co n ten t [CM VI ( i ) ] ,  th e  s u lp h a te  
co n ten t [g M VI ( i i i ) ]  and th e  u ro n ic  a c id  co n ten t [GM VI ( i i )  ( c ) ]  
o f  some o f  th e  f r a c t io n s  were determ ined  (T able 1 2 ). A f te r  h y d ro ly s is  
th e  su g ars  in  th e  d i f f e r e n t  f r a c t io n s  were c h a r a c te r is e d  by p ap er 
chrom atography in  s o lv e n ts  [GM I I I  ( i )  ( a - c ) ]  and lo c a t in g  ag en ts  
[GM IV ( i ,  i i  and iv ) ] and by g . l . c .  o f  th e  su g ar TMS, a l d i t o l  TMS and 
a l d i t o l  a c e ta te  d e r iv a t iv e s  [GM V A ( i i )  and GM V B ( i i i  and i v ) ] 
(T able 13)• The aqueous f r a c t i o n  was re a c te d  w ith  K l/ l^  re a g e n ts  and 
th e  p r o te in  co n ten t [GMVI ( i v ) ]  was de term ined  f o r  th e  0.1M KCl 
f r a c t i o n .
Experim ent 10 M éth y la tio n  o f  th e  aqueous f r a c t io n
An a l iq u o t  ( l2 .2  mg) was m e th y la ted  once by th e  îfekomori method 
[GM VI ( v i i i ) ]  and a n a ly se d  (see  e x p t. 6 ) .
Experim ent 11 P e r io d a te  o x id a tio n  o f  th e  0 .1M KCl f r a c t io n
An a l iq u o t  (27*3 mg) was d is so lv e d  in  w a ter (50 ml) and o x id ise d  by 
a s o lu t io n  (50 ml) o f  O.OI5M p e r io d a te  [GM V II ( i x ) ] .  The r e a c t io n  
was m onito red  f o r  48 h o u rs . An a l iq u o t  (6 .0  mg) o f  th e  reco v ered  
p o ly a lc o h o l was h y d ro ly sed  [gM I I  (i)] and a n a ly sed  by  pap er chrom atography 
[GM I I I  ( i )  (a  and b) ] [GM IV ( i  and i i ) ] .
Experim ent 12 M éth y la tio n  o f  th e  p o ly a lco h o l from experim ent 11 
The rem ainder o f  th e  reco v e red  p o ly a lc o h o l from th e  p rev io u s  experim ent 
was m e th y la ted  once by th e  Hakomori method [GM V II ( v i i i ) ] and 
an a ly sed  (see  e x p t. 6) .
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Experim ent 13 M éth y la tio n  o f  th e  0.2M KCl f r a c t io n
An a l iq u o t  (l5«2  mg) o f  th e  0.2M KCl f r a c t io n  was m eth y la ted  once 
hy th e  Hakomori method [GM V II ( v i i i ) ]  and an a ly sed  (see  e x p t. 6 ) .
Experim ent 14 M éth y la tio n  o f  th e  combined 0.3M and 0.3M KCl f r a c t io n s  
An a l iq u o t  (8 .2  mg) o f  th e  rhamnan (see  p . 9?) was m eth y la ted  
once by th e  Hakomori method [CM V II ( v i i i ) ]  and an a ly sed  (see  e x p t. 6 ) .
Experim ent 13 P e r io d a te  o x id a tio n  o f th e  rhamnan
An a l iq u o t  (33*8 mg) o f  th e  rhamnan was d is so lv e d  in  w a ter 
(50 ml) and o x id ise d  by a s o lu t io n  o f  0.03M p e r io d a te  (50 ml)
[GM V II ( i x ) ] .  The r e a c t io n  was m onito red  f o r  48 h o u rs . An a l iq u o t  
(6 .2  mg) o f  th e  re co v e red  p o ly a lc o h o l was h y d ro ly sed  [GM I I  ( i ) ]  and 
a n a ly se d  by p ap er chrom atography [GM I I I  ( i )  (a and b ) ] [gM IV ( i  and i i ) ] .
Experim ent I 6 R eduction  o f  th e  g lu c u ro n ic  a c id  in  th e  rhamnan and 
c h a r a c te r i s a t io n  o f  th e  d e riv ed  g lu co se  
An a l iq u o t  (28 .0  mg) o f  th e  rhamnan was reduced  by th e  carbod iim ide  
method [GM V II (x ) ] .  A f te r  d ia ly s in g  and f r e e z e -d r y in g ,th e  u ro n ic  a c id  
co n ten t [gM VI ( i i )  ( c ) ] o f  th e  reduced  p o ly sac c h a rid e  (25 mg) was 
d e te rm in ed . An a l iq u o t  o f  th e  re co v ered  m a te r ia l  was hy d ro ly sed  
[GM I I  ( i ) ]  and th e  su g ars  c h a r a c te r is e d  by p ap er chrom atography in  
so lv e n ts  [GM I I I  ( i )  (a  and b) ]  w ith  lo c a t in g  re a g e n ts  [GM IV ( i ,  i i  and 
iv ) ] and by  g . l . c .  [GM V A ( i i ) ,  B ( i i i ) ]  a s  th e  sugar and a l d i t o l  TMS 
d e r iv a t iv e s .
Experim ent 17 M éth y la tio n  o f  th e  reduced  rhamnan
An a l iq u o t  (7 .2  mg) o f  th e  reduced  rhamnan reco v ered  
from experim ent I 6 was m e th y la ted  once by th e  Hakomori method [GM V II 
( v i i i ) ]  and an a ly sed  (see  e x p t. 6 ) .
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The a c id  e x tr a c t
Experim ent l 8 . The carb o h y d ra te  co n ten t [GM VI ( i ) ]  and th e  su lp h a te  
co n ten t [GM VI ( i i i ) ]  o f  th e  w h ite  powder o b ta in e d  from th e  a c id  
e x tr a c t  were determ ined  as w e ll as th e  s p e c i f ic  r o ta t io n  [CM I  (v) ] .
An a l iq u o t  (5 mg) o f  th e  powder was h y d ro ly sed  [GM I I  ( i ) ]  and h a l f  
th e  h y d ro ly sa te  was a n a ly se d  by  p ap er chrom atography in  so lv e n ts  
[GM I I I  ( i )  (a and b )]a n d  by sp ray s  [GM IV ( i ,  i i  and i v ) ] ,  w h ile  th e  
o th e r  h a l f  was a n a ly sed  by  g . l . c .  a s  th e  su g ar and a l d i t o l  TMS 
d e r iv a t iv e s  [gM V A ( i i ) ,  B ( i i i ) ] .  An a l iq u o t  was t r e a t e d  w ith  a  
d i l u t e  sample o f  K l/ l^  r e a g e n t .
Experim ent I 9 U l t r a c e n t r i f u g a t io n  o f th e  a c id  e x tr a c t
An a l iq u o t  o f  th e  s o l id  (IO mg) was d is so lv e d  in  w a ter ( l  ml) 
and a n a ly se d  by a  Beckman Model E u l t r a c e n t r i f u g e  a t  59780 rpm u s in g  a 
s y n th e t ic  boundary c e l l .  The r e a c t io n  was fo llow ed  by photographs 
ta k e n  o f  th e  r e a c t io n  m ix tu re  a t  tim e  i n t e r v a l s .
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Experim ent 20 F r a c t io n a t io n  o f  th e  a c id  e x tr a c t  by E eh ling*s s o lu t io n  
Most o f  th e  w h ite  s o l id  (755 mg) was d is so lv e d  in  4M MaOH (75 ml) 
and a  s o lu t io n  o f  f r e s h ly  p rep a red  F e h lin g ’s s o lu t io n  was added under 
s t i r r i n g  t i l l  no more b lu e  g e la t in o u s  copper complex was form ed. The 
p r e c ip i t a t e  was f i l t e r e d  o f f  and th e  s l i g h t ly .b lu e  f i l t r a t e  was d ia ly s e d  
f o r  3 days and f r e e z e - d r ie d  and th e  r e s u l t in g  s o l id  w eighed. This 
c o n s t i tu te s  th e  g lucan  • "Èie p r e c ip i t a t e  was washed w ith  w a te r and th e n  
suspended in  coo led  w a ter (IOO m l) . The copper complex was decomposed 
by th e  a d d i t io n  o f 5M h y d ro c h lo ric  a c id  and th e  p o ly sac c h a r id e  
reco v ered  by a d d i t io n  o f  4 volumes o f  e th a n o l . A f te r  c e n tr i f u g a t io n  th e  
s o l id  was d is so lv e d  in  w a te r , d ia ly s e d  f o r  2 days and f r e e z e -d r ie d  and
92
th e  s o l id  w eighed. This c o n s t i tu te s  th e  mannan. The two f r a c t io n s  
were in v e s t ig a te d  a s  o u t l in e d  in  experim ent l8 .
Experim ent 21 M éth y la tio n  o f  th e  g lucan  and mannan
An a l iq u o t  (6 .0  mg) o f th e  g lu can  was m eth y la ted  once hy  th e  
Ha.komori method [_(M V II ( v i i i ) ] ,  and an a ly sed  (see  e x p t. 6 ) .
Two a l iq u o ts  (20 .0  mg each) o f  th e  mannan were m eth y la ted  once and 
tw ice  r e s p e c t iv e ly  hy th e  Hakomori method [GM V II ( v i i i ) ] .  A liq u o ts  
(5 .0  mg each) o f th e  two m eth y la ted  mannans were a n a ly sed  f o r  su lp h a te  
[GM VI ( i i i ) ]  and th e  r e s t  o f  th e  m e th y la ted  m a te r ia ls  were a n a ly sed  
as f o r  th e  g lu c an .
Experim ent 22 D esu lp h a tio n  o f  th e  mannan hy m ethano lic  hydrogen c h lo r id e  
An a l iq u o t  ( 1OO mg) was p a r t i a l l y  d esu lp h a ted  hy fo u r  tre a tm e n ts  
w ith  HCl/MeOH [GM V II ( x i i ) ] .  An a l iq u o t  (6 mg) o f  th e  re co v e red  
m a te r ia l  was a n a ly se d  f o r  su lp h a te  [GM VI ( i i i ) ] .
Experim ent 23 M éth y la tio n  o f  th e  p a r t i a l l y  d e su lp h a te d  mannan 
An a l iq u o t  (7 .2  mg) o f  th e  p a r t i a l l y  d e su lp h a ted  mannan was 
m e th y la ted  once hy th e  Hakomori method [CM V III  ( v i i i ) ]  and a n a ly sed  
(see  e x p t . 6) .
The re s id u e
Experim ent 24« The p r o te in  co n ten t o f  th e  re s id u e  was de term ined  
[GM VI ( i v ) ] .
An a l iq u o t  (50 mg) o f  th e  re s id u e  was h y d ro ly sed  [GM I I  ( i ) ]  and
a f t e r  c e n tr i fu g in g  o f f  th e  s o l id  [ a ]  (5 mg), th e  c e n tr i f u g a te  was
an a ly sed  hy pap er chrom atography in  s o lv e n ts  [GM I I  ( i )  (a  and h ) ]  and
hy sp ray s  [GM IV ( i  and i i ) ] .
Both th e  re s id u e  and s o l id  [ a]  were t e s t e d  f o r  c e l lu lo s e  w ith  
o
H erzherg ’s s t a i n  ,
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I I I  R e su lts  and d is c u s s io n
Low m o lecu lar w eight carb o h y d ra tes
The y e llo w ish  s o l id  (7 .4 ^  o f  th e  d ry  w e ig h t, 42^ carb o h y d ra te  
co n ten t)  was examined by  chrom atographic methods (e x p t . 4) and th e  
same r e s u l t s  as f o r  th e  e th a n o l ic  e x tr a c t  o f U. w orm sk io ld ii (see  p . $6 ) 
were observed : Glucose and f r u c to s e  were a g a in  th e  m ajor components
in  t h i s  e x t r a c t  and sm a lle r  amounts o f  su c ro se , myo-in o s i to l ,  
g ly c e r ic  a c id  and g lucose  c o n ta in in g  o lig o sa c c h a r id e s  ( in c lu d in g  a 
sp o t w ith  th e  m o b il i ty  o f  m altose) were a l l  c h a r a c te r is e d  as p re v io u s ly  
d e sc r ib e d  ( p . $ 6 ) .
The aqueous e x tr a c t
The e th an o l s o lu b le  f r a c t io n
A w hite  powder (2*5^ o f  th e  d ry  w eight) was o b ta in e d  a f t e r  f r e e z e -  
d ry in g . The carb o h y d ra te  co n ten t was 45^ (rham nose/g lucose g ra p h ), th e  
p r o te in  co n ten t was 30^ and th e  su lp h a te  co n ten t was 10^. An a l iq u o t  
was h y d ro ly sed  and rhamnose and g lu co se  in  about equal amounts as w e ll 
as  t r a c e s  o f x y lo se  were found . The p resen ce  o f  amino a c id s  was shown 
by  th e  n in h y d rin  sp ra y . Ho m onosaccharides cou ld  be d e te c te d  on pap er 
chromatograms o f  th e  unhydro lysed  m a te r ia l ,  b u t th e  s o l u b i l i t y  in  
e th an o l su g g es ts  f a i r l y  sm all m o lecu les . The K l/ l^  t e s t  f o r  s ta r c h  
was n e g a tiv e .
To o b ta in  more in fo rm a tio n  about th e  o lig o s a c c h a r id e s  p re se n t in  
t h i s  f r a c t io n  an a l iq u o t  was m e th y la ted  (e x p t. 6) and th e  fo llo w in g  
m e th y la ted  su g ars  were c h a r a c te r is e d .
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Sugar .
R e la tiv e  
amount
2 ,3 ,4 -tr i-O -m e th y l rhamnose X
3 ,4 -d i-O -m ethy l rhamnose X
4-0-m ethy l rhamnose XXX
2 ,4 -d i-^ -m e th y l rhamnose j 
2 ,3 ,4 ,6 - t e t ra -0 -m e th y l g lu co se  )
xxxx
2 ,4 ,6 - tr i-O -m e th y l g lucose XX
4 , 6-d i-O -inethy l g lu co se t r a c e
Table 10
The 2 ,4 -d i-O -m ethy l rhamnose and th e  te tra -O -^n e th y l g lucose  
d e r iv a t iv e s  have v e ry  s im i la r  r e te n t io n  tim es as a l d i t o l  a c e ta t e s .
The r e l a t i v e  amounts o f  th e  two d e r iv a t iv e s  a re  th e r e f o r e  combined in  
th e  t a b l e .
These r e s u l t s  in d ic a te  th a t  th e  rhamnose re s id u e s  a re  m ain ly
1 ,3 - l in k e d  w ith  a sm all amount o f  1 ,2 - lin k e d  re s id u e s  and end groups 
a lso  p r e s e n t .  T h e .10^ su lp h a te  in  t h i s  f r a c t i o n  and th e  sm all amount 
o f  end group rhamnose o b ta in e d  su g g es ts  th a t  th e  m onom ethylated rhamnose 
r e s id u e s  a re  due to  su lp h a te d  rhamnose u n i t s  r a th e r  th a n  to  b ranch  
p o in t s .  S ince th e  rhamnose re s id u e s  a re  m ainly  1,3 - l ih k e d  i t  i s  most 
p ro b ab le  t h a t  th e  su lp h a te  i s  s i tu a te d  a t  C-2, a lth o u g h  4 -0-m ethyl 
rhamnose cou ld  a ls o  be d e riv e d  from 1 ,2 - lin k e d  u n i t s  su lp h a te d  a t  C-3.
The 1 ,3 - l ih k e d  g lu co se  re s id u e s  a re  p ro b ab ly  p a r t  o f  a  branched  
g lucan  s im i la r  to  th a t  found in  th e  w a te r e x tr a c t  o f U. w orm sk io ld ii
( p . 60 ) .
I t  i s  p ro b ab le  th a t  th e  o lig o sa c c h a r id e s  found in  t h i s  f r a c t io n  a re  
low m olecu lar w eight p re c u rso rs  o f th e  rhamnans and g lucans s e p a ra te d  
from w a te r s o lu b le  a lc o h o l in s o lu b le  f r a c t io n  (p . 97) .
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The e th an o l in s o lu b le  m a te r ia l  from th e  aqueous e x tra c t
A w hite  s o l id  (1 1 .6 ^  o f  th e  d ry  w e ig h t, 80^ carb o h y d ra te  measured 
on a g lu co se  graph) was i s o l a t e d .  A n a ly sis  o f a  h y d ro ly sed  a l iq u o t  
showed th e  fo llo w in g  su g ars  to  be p re s e n t .
Sugar
Approximate 
r e l a t i v e  
amount s
Glucose 2
G lucuronic  a c id 1
Mannose 10
X ylose 5
Rhamnose 10
G alac to se t r a c e
Table 11
G lucose, x y lo se , mannose, rhamnose and g a la c to s e  were each 
c h a r a c te r is e d  by t h e i r  p ap er chrom atographic m o b i l i t ie s  in  d i f f e r e n t  
so lv e n ts  and by  th e  measurem ents o f  th e  r e te n t io n  tim es o f  t h e i r  
su g ar TMS, a l d i t o l  TMS and a l d i t o l  a c e ta te  d e r iv a t iv e s  on g . l . c .  
G lucose was confirm ed as th e  D -sugar w ith  g lu co se  o x id a se . Mannose 
was confirm ed as th e  D -sugar by i t s  o p t ic a l  r o ta t io n ,  [ a ] ^  = +15*6°
;320(c = 0 . 41) [ o f .  Bnnannose e q u i l .  [ a ] ^  = +14»^ . Rhamnose was
20 _ _  R_Ql20
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confirm ed as th e  L -sugar by i t s  o p t ic a l  r o ta t io n ,  = +7*8 (c =
0 . 32) [ o f .  L-rhamnose e q u i l .  = 8 .2  —  8 . 9]^ ^ . Because o f  th e
sm all amount o f  m a te r ia l  a v a i la b le  i t  was no t p o s s ib le  to  s e p a ra te  
s u f f i c i e n t  o f each o f  th e  o th e r  su g ars  to  determ ine i f  th e y  had th e  
D o r  L c o n f ig u ra t io n . However by an alo g y  w ith  s im i la r  p o ly sac c h a r id e s  
se p a ra te d  from U rospora p e n ic i l l i f o r m is ^ i t  can be deduced th a t  b o th  
g a la c to s e  and x y lo se  a re  p re se n t as th e  D -su g a rs .
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The p resen ce  o f  g lu c u ro n ic  a c id  was in d ic a te d  hy i t s  p aper 
chrom atographic m o b il i ty .  On io n o p h o re s is  in  b o ra te  b u f f e r  
c o n ta in in g  calcium  io n s  a  s in g le  spo t w ith  th e  m o b ili ty  o f 
g lu c u ro n ic  a c id  was o b ta in e d  (see  p .5 9 ) • The s e p a ra te d  a c id , 
a f t e r  re d u c tio n  (e x p t. 16) gave on ly  g lucose  when examined by
pap er chrom atography and by g . l . c .  as th e  TMS d e r iv a t iv e .  The 
g lu co se  was confirm ed as th e  D -sugar w ith  g lucose  ox id ase  p ro v in g  
th e  p re sen ce  o f D -g lucu ron ic  a c id .
F r a c t io n a t io n  o f th e  p o ly s a c c h a r id e . -  The re c o v e r ie s  a f t e r  
f r a c t io n a t in g  p a r t  o f th e  w h ite  s o l id  (228 mg carb o h y d ra te ) on th e  
c e l lu lo s e  column (e x p t. 8) and th e  com position  o f th e  d i f f e r e n t  
f r a c t i o n s ( e x p t . 9) a re  shown in  th e  fo llo w in g  t a b l e .
F ra c tio n Recovery(mg)
C arbohydrate 
Content ^
U ronic a c id  
Content ^
S u lpha te  
Content %
Aqueous 110 70 - -
0.1M KOI 42 25 1 15
0.2M KOI 53 36 2 15
0.3M KOI 67 69 13 22
0.5M KOI 50 68 10 20
X Not
1.OM KOI 10 48 0 m easured
340
Table 12
The o v e ra l l  re c o v e ry  o f  carb o h y d ra te  (200 mg) from th e  column 
was about 90^*
The su g ars  p re se n t in  each f r a c t io n  a re  i l l u s t r a t e d  in  Table 13
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-^..^..J^ract io n
Sugar
Aqueous M KCl
0 .1 0 .2 0 .3 0 .5 1.0
Glucose XXX
Mannose X XXXX XXXX sm all t r a c e XXX
Rhamnose X tr a c e sm all XXXX XXXX XXXX
X ylose X tr a c e t r a c e sm all t r a c e t r a c e
G alactose t r a c e tr a c e t r a c e t r a c e
G lucuronic a c id t r a c e * tra c e * X X X X
The p re sen ce  o f  amino a c id s  was a ls o  d e te c te d  w ith  
n in h y d rin  sp ra y .
Tahle 13
The r e s u l t s  g iv en  in  t a h le  13 show th a t  th e  f r a c t io n a t io n  has 
. s e p a ra te d  a  g lu can  (aqueous ^ f a c t io n ) ,  a  mannan (0 .1  and 0.2M KCl 
f r a c t io n s )  and a  glucuronoxylorham nan (0 .3  and 0.5M KCl f r a c t i o n s ) .  
The 1.OM KCl f r a c t io n  (c a . 5 mg carb o h y d ra te ) does no t seem to  f i t  
in to  t h i s  p a t t e r n  and was no t examined f u r t h e r .  The 0 .1  and 0.2M KCl 
f r a c t io n s  were in v e s t ig a te d  and gave s t r u c tu r a l  d e t a i l s  o f  a  mannan 
w h ile  th e  p o ly sa c c h a r id e s  from th e  0.3M KCl and O.^M KCl f r a c t io n s  
were combined and th e  i s o la t e d  p o ly sa c c h a r id e (s )  (l1 7  m g ,carbohydrate  
co n ten t 69^  i s  h e r e a f t e r  d e s ig n a te d  as th e  rhamnan.
The aqueous e lu a t e . This e lu a te  had an = +80 [ c  = 2 ,3 ] .  A fte r
h y d ro ly s is  g lu co se  was th e  main su g ar p re se n t in  th e  h y d ro ly sa te  bu t 
a p p re c ia b le  amounts o f  x y lo se , rhamnose and mannose in  about equal 
p ro p o r tio n s  were a ls o  found . Because o f  th e  sm all amount o f  m a te r ia l  
(112 mg) a v a i la b le  i t  was d ecided  no t to  a ttem p t any f u r th e r  
f r a c t io n a t io n .  The fo llo w in g  m eth y la ted  su g ars  were c h a ra c te r is e d  
as t h e i r  a l d i t o l  a c e ta te s  a f t e r  m é th y la tio n .
9 8
( in  o rd e r  o f  descend ing  peak a re a s )
Sugar
4 . 6 - tr i -0 -m e th y l  g lucose
3 .4 - tr i-O -m e th y l x y lo se  
4 -d i-O -m ethy l rhamnose
3-d i-O -m ethy l x y lo se
3 . 6 - tr i-O -m e th y l g lu co se
3 . 6 - tr i-O -m e th y l mannose
4 . 6 -tr i-O -m e th y l mannose 
3,4» 6 - t  e t  ra-O -m ethyl hexos e
4 -d i-O -m ethy l rhamnose 
4 -d i-O -m ethy l x y lo se
3 .4 - t  r i -0 -m e th y l rhamno s e 
6 -d i-O -m ethy l g lucose  
6 -d i-O -m ethy l g lu co se
4-d i-O -m ethy l mannose
Table 14
as th e  te tra m e th y la te d  mannose and g lu co se  d e r iv a t iv e s  have v e ry  
s im i la r  r e te n t io n  tim es t h i s  peak p ro b ab ly  covers b o th  o f them
The la rg e  number o f  peaks o b ta in e d  from t h i s  spectrum  makes i t  
v e ry  d i f f i c u l t  to  e s ta b l i s h  th e  i d e n t i t y  o f  th e  p o ly sa c c h a r id e (s )  
which might be p re s e n t ,  bu t com parison w ith  o th e r  U rospora sp e c ie s^
(p . 6o) p e rm its  th e  fo llo w in g  c o n c lu s io n s .
This e lu a te  gave a deep b lu e  co lo u r w ith  K l/ lg  re a g e n t, in d ic a t in g  
th e  p resen ce  o f  an am ylose-type g lu can  and t h i s  was confirm ed by th e
1 ,4 - l in k e d  g lucose  re s id u e s  o b serv ed . No t r a c e  o f  1 ,4 ,6 - l in k e d
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g lu co se  u n i t s  cou ld  be d e te c te d  and t h i s  in d ic a te s  th e  absence o f  an 
aray lopec tin  ty p e  g lucan  in  t h i s  e x t r a c t .
Both in  th e  e th an o l so lu b le  p a r t  o f t h i s  aqueous e x tr a c t  and in  
th e  w a te r e lu a te  from U. w orm sk io ld ii 1 ,3 - l in k e d  g lu co se  re s id u e s  
have been  found and fu rth e rm o re  in  th e  l a t t e r  a  1 ,3 - l in k e d  g lucan  
w ith  1 ,2 ,3 -  and 1 ,3 ,4 -lim k ed  b ranch  p o in ts  were c h a r a c te r is e d .
The m é th y la tio n  r e s u l t s  in d ic a te  a s im i la r  g lucan  h e re .
The rhamnose re s id u e s  a re  m ain ly  1 ,3 - l in k e d  w ith  sm a lle r  amounts 
o f  1 ,2 - l in k e d  re s id u e s  and end groups a lso  p r e s e n t .  These a re  th e  
same ty p e  o f  lin k a g e s  a s  th o se  found f o r  th e  e th an o l s o lu b le  rhamnan 
and th e  d if f e r e n c e s  betw een th e  two p o ly sa c c h a r id e s  a re  p ro b ab ly  
t h e i r  m o lecu lar s iz e  and th e  p re sen ce  o f  su lp h a te  g ro u p s. Uo rhamnose 
c o n ta in in g  p o ly sa c c h a r id e s  were found in  t h i s  f r a c t io n  from e i th e r  o f 
th e  o th e r  two U rospora s p e c ie s .
The w a ter s o lu b le  mannan in  U. p e n ic i l l i f o r m is ^ was shown to  
c o n s is t  o f  1 ,3 - l in k e d  mannose re s id u e s  w ith  a  sm all amount o f  1 ,3 ,6 -  
b ranch  p o in t s .  As s im i la r  mannose peaks have been  found in  t h i s  
spectrum  i t  seems p ro b ab le  t h a t  a  sm all amount o f  th e  same ty p e  o f  
mannan i s  p re s e n t in  t h i s  a lg a .  1 ,4 - l in k e d  mannose u n i t s  a re  a ls o  
p re s e n t in  t h i s  f r a c t io n  b u t a  mannan o f t h i s  ty p e  i s  p re s e n t in  la r g e r  
amounts in  o th e r  f r a c t io n s  from t h i s  weed and w i l l  th e re fo re  be 
d isc u sse d  l a t e r .
V arious re d  seaweeds s y n th e s is e  w a ter so lu b le  x y lan s  c o n s is t in g  
o f  b o th  1 ,4 - lin k e d  (m ajor) and 1 ,3 - l in k e d  (minor) x y lo se  re s id u e s  •
The p re se n t f in d in g s  in d ic a te  th a t  t h i s  a lg a  does th e  same. I f  t h i s  
i s  so , t h i s  i s  th e  f i r s t  g reen  a lg a  in  which t h i s  ty p e  o f  x y lan  has 
been found . U. w orm sk io ld ii s y n th e s is e s  a  1 ,4 - lin k e d  branched 
x y lan , w h ile  th e  w a ter so lu b le  x y lan  p re se n t in  sm all amounts in  
U. p e n ic i l l i f o r m is  was n o t c h a r a c te r is e d .
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The p o s s i b i l i t y  o f  th e  p resen ce  o f h e te ro p o ly sa c c h a r id e s  in  t h i s  
f r a c t i o n  cannot be exclu d ed . I t  i s  f o r  in s ta n c e  p o s s ib le  t h a t  th e  
x y lo se  re s id u e s  a re  p a r t  o f th e  rhamnan b u t th e  sm all amount o f 
m a te r ia l  a v a i la b le  makes p a r t i a l  h y d ro ly s is  s tu d ie s  and th e  
c h a r a c te r i s a t io n  o f o lig o s a c c h a r id e s  c o n ta in in g  th e  two su g ars  
im p o ss ib le .
The mannan
■ The 0.1M KCl f r a c t io n  (lO mg carbohydrate) was found to  have a 
p r o te in  co n ten t o f 6 2 .5 ^ , and th e  0.2M KCl f r a c t i o n  (19 mg carbo­
h y d ra te ) had [ a ] ^  = -1 0 0 ° .
To o b ta in  maximum in fo rm a tio n  about th e  lin k a g e s  in  th e  sm all 
amount o f  mannan a v a i la b le ,  i t  was d ec id ed  to  p e r io d a te  o x id is e  th e
0.1M KCl f r a c t i o n  (c a . 7 mg carb o h y d ra te  rem aining) and to  m e th y la te  
th e  0.2M KCl f r a c t i o n  ( c a . l8  mg carb o h y d ra te  re m a in in g ).
The low carb o h y d ra te  co n ten t o f  th e  0.1M KCl f r a c t io n  made a c c u ra te  
m o n ito rin g  o f th e  p e r io d a te  re d u c tio n  (e x p t. 1l) d i f f i c u l t ,  b u t th e  
p o ly sac c h a r id e  was found to  consume about 1 mole o f  p e r io d a te  p e r  
anhydro su g ar u n i t .  On h y d ro ly s in g  a p o r t io n  o f th e  r e s u l t in g  p o ly ­
a lco h o l u n c leaved  mannose cou ld  s t i l l  be d e te c te d  by g . l . c .  and pap er 
chrom atography. The rem ainder o f  th e  p o ly a lc o h o l was m eth y la ted  
(e x p t. 12) and 3 ,6 -d i-O -m ethy l mannose and a  t r a c e  o f  2 , 3 , 6 - t r i - O -  
m ethyl mannose were th e  o n ly  m e th y la ted  sugar re s id u e s  which cou ld  be 
d e te c te d . This r e s u l t  in d ic a te s  th e  p resen ce  o f e i t h e r  1 ,2 ,4 - l in k e d  o r 
su lp h a ted  mannose u n i t s ,  w h ile  th e  t r a c e  o f  1 ,4 - lin k e d  mannose u n i t s  
observed  i s  p ro b ab ly  due to  u n d e ro x id a tio n .
From th e  m eth y la ted  0.2M KCl f r a c t io n  (e x p t. 13) th e  fo llo w in g  
mannose d e r iv a t iv e s  were c h a r a c te r is e d  as t h e i r  a l d i t o l  a c e ta te s .
(T race q u a n t i t ie s  o f  m eth y la ted  rhamnose and x y lo se  were a ls o  d e te c te d ) .
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Sugar
R e la tiv e
amount
2 ,3 ,4 ,6 - t  e t ra-O -m ethyl manno s e la rg e
2 ,3 ,6 - tr i-O -m e th y l mannose la rg e
3 , 6-d i-O -m ethyl mannose la rg e
3-0 -m ethy l mannose tr a c e
unm ethy la ted  mannose sm all
Table 13
As can be seen  from th e  ta b le  th e  t e t r a - ,  t r i -  and d i-m eth y l 
mannose d e r iv a t iv e s  a re  th e  main peaks in  th e  g . l . c .  spectrum  and th e  
approxim ate  p ro p o r tio n s  were found from peak a re a  measurements to  be 
1 :8 :2  r e s p e c t iv e ly .  The low p ro p o r tio n  o f te t r a -m e th y la te d  to  
d i-m e th y la te d  re s id u e s  su g g es ts  th a t  some o f  th e  d i-m e th y la te d  
re s id u e s  r e s u l t  from th e  p re sen ce  o f su lp h a te  g ro u p s .
These r e s u l t s  p ro v id e  s tro n g  evidence f o r  th e  p re sen ce  o f a  pure
1 ,4 - l in k e d  mannan w ith  a  p ro b ab le  maximum ch a in  le n g th  o f  11 and th e  
p resen ce  o f su lp a h te  groups and p o s s ib ly  b ranch  p o in ts  a t  C-2 on every
5-6  mannose r e s id u e s .
A polym er o f  t h i s  ty p e  shou ld  t h e o r e t i c a l l y  consume about 0 .9  mole 
o f p e r io d a te  p e r  anhydro su g ar u n i t  and th e  r e s u l t  o b ta in e d  (about 
1 mole p e r io d a te  consumed p e r  anhydro sugar u n i t )  i s  in  rea so n a b le  
agreem ent w ith  t h i s .
The f a c t  th a t  th e  p re s e n t mannan was e lu te d  from th e  column w ith  
KCl and no t w ith  w a ter su p p o rts  th e  p resen ce  o f charged  groups in  th e  
polym er. The r e l a t i v e l y  h ig h  su lp h a te  co n ten t (p .96) found in  th e se  
two f r a c t io n s  a g a in  in d ic a te s  th a t  a  la rg e  p ro p o r tio n  o f th e  d i-m e th y la te d
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mannose re s id u e s  a re  d e r iv e d  from u n i t s  c a r ry in g  su lp h a te  groups a t  
C -2. I f  ev ery  2 out o f 11 mannose u n i t s  were su lp h a te d  a t  C-2 
(as  would he p o s s ib le  from th e  m é th y la tio n  r e s u l t s )  th e  p o ly sac c h a r id e  
shou ld  have a  su lp h a te  co n ten t o f  about 11^. That th e  a c tu a l  su lp h a te  
co n ten t ( l 5 ^  i s  h ig h e r  i s  perhaps p a r t l y  due to  th e  p resen ce  o f 
su lp h a te d  rhamnose, bu t more l i k e l y  i t  i s  caused  by p a r t i a l  
d e su lp h a tio n  on m é th y la tio n  (see  p . 112) .
The t r a c e  o f  3-0-m ethy l mannose i s  p ro b ab ly  due e i t h e r  to  
u n d e rm e th y la tio n , due to  s t e r i c  h in d ran ce  o r to  d i- s u lp h a t io n  a t  C-2 
and C-6 o r  to  a su lp h a te  group a t  C-2 and a b ranch  p o in t a t  C-6 (o r 
v ic e  v e rsa ) . The sm all amount o f  unm ethy lated  mannose p re s e n t i s  
p ro b ab ly  due e i t h e r  to  u n d erm e th y la tio n  o r to  a m ix tu re  o f su lp h a te  
groups a n d /o r  b ranch  p o in t s .  A lthough t h i s  mannan has a  s m a lle r  
average  ch a in  le n g th  and h ig h e r  su lp h a te  co n ten t (bo th  o f which f a c t s  
would e x p la in  i t s  h ig h e r  s u l u b i l i t y ) , i t s  e s s e n t ia l  s i m i l a r i t y  w ith  th e  
mannan e x tra c te d  by a c id  from t h i s  weed i s  v e ry  c le a r  (see  p . 111).
The la rg e  n e g a tiv e  r o ta t io n ,  [ a ] ^  = -1 0 0 °, found f o r  th e  0.2M KCl 
f r a c t i o n  was s u r p r i s in g  as  |3 -1 ,4 - l irk e d  mannans p re v io u s ly  i s o la te d  
from o th e r  so u rces  have reco rd ed  r o ta t io n s  o f  -22° to  -50° The
p resen ce  o f  sm all amounts o f  glucuronoxylorham nan in  t h i s  f r a c t io n  
p ro b ab ly  enhances th e  n e g a tiv e  r o t a t io n  and th e  p re sen ce  o f p ro te in  might 
a ls o  have a s im i la r  e f f e c t .  L i t t l e  i s  known about th e  e f f e c t  o f 
s u lp h a tio n  on th e  r o ta t io n  o f  mannans and t h i s  too  m ight be th e  cause 
o f th e  h ig h  n e g a tiv e  r o t a t i o n .
As th e  main b u lk  o f  th e  glucuronoxylorham nan i s  found in  th e  o th e r  
po tassium  c h lo r id e  f r a c t io n s  i t s  s t r u c tu r e  w i l l  be d isc u sse d  in  th e  next 
s e c t io n .
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The Rhamnan
The rhamnan (p . 97) 'was found to  have an [ a ] ^  = - 89° .  This h ig h  
n e g a tiv e  r o t a t io n  su g g es ts  t h a t  b o th  th e  D -xylose and D -g lu cu ro n ic  
a c id  a re  p - lin k e d  and th a t  th e  L-rhamnose i s  a - l in k e d .  The 
approxim ate  p ro p o r tio n s  o f  th e  su g ars  in  t h i s  p o ly sa c c h a r id e  i s  
rhamnos e : g lu c u ro n ic  a c id :x y lo s e  8 .3 :1 •2 :0 .3 *
To o b ta in  more in fo rm a tio n  about th e  lin k a g e s  p re se n t an  a l iq u o t  
was m e th y la ted  (e x p t. I 4) and th e  fo llo w in g  m e th y la ted  su g ars  were 
c h a r a c te r is e d .
( in  o rd e r  o f  descend ing  peak a rea )
Sugar 
as a l d i t o l  a c e ta te s
2 .4 -d i-O -m ethy l rhamnose
3 .4 -d i-O -m ethy l rhamnose 
4 -0 -m ethy l rhamnose
2-0 -m ethy l rhamnose 
unm ethy la ted  rhamnose
2 .3 .4 - t r  i-O -m ethyl rhamno s e
2 ,3 ,6 - tr i-O -m e th y l mannose
2 , 3-d i-O -m ethy l x y lo se
2 .3 .4 - tr i-O -m e th y l x y lo se
Table I 6
The two d im e th y la te d  rhamnose d e r iv a t iv e s  have v e ry  s im i la r  
r e te n t io n  tim es and th e  same i s  t r u e  f o r  th e  two monomethylated 
d e r iv a t iv e s  and i t  i s  th e r e f o r e  d i f f i c u l t  to  e s ta b l i s h  th e  exac t 
r e l a t i v e  p ro p o r t io n s . The g . l . c .  spectrum  in d ic a te s  however th a t  
th e re  a re  more 1 ,3 - lrn k e d  rhamnose re s id u e s  p re se n t th a n  1 ,2 - lin k e d  
and th a t  th e re  a re  more 1 ,2 ,3 - l in k e d /s u lp h a te d  rhamnose u n i t s  p re se n t
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th a n  1 , 3 ,4 ~ lin k e d /su lp h a te d , The d i -  and m ono-m ethylated rhamnose 
peaks a re  o f  about th e  same s iz e  and v e ry  much la r g e r  th a n  any o f 
th e  o th e r  peaks in  th e  g . l . c .  spectrum . The sm all amount o f  end 
groups p re s e n t in d ic a te s  t h a t  th e  p o ly sac c h a rid e  i s  b a s ic a l ly  l i n e a r  
w ith  few branch  p o in ts .  This confirm s th a t  th e  m onom ethylated and 
f r e e  rhamnose re s id u e s  a re  d e riv e d  from su lp h a te d  re s id u e s ,  r a th e r  
th a n  branch  p o in ts .  The r e l a t i v e l y  h ig h  p ro p o r tio n  o f  su lp h a te  
(about 2 2 ^  found in  t h i s  p o ly sac c h a rid e  re q u ire s  betw een every  
second and t h i r d  u n i t  in  t h i s  p o ly sac c h a rid e  to  be su lp h a te d .
The approxim ate com position  o f th e  rhamnan i s  c a lc u la te d  to  be 
rhamnose 83^, u ro n ic  a c id  12^ and combined x y lo se  and mannose yjo*
Since h a l f  th e  rhamnose g iv e s  monomethyl rhamnose on m é th y la tio n  th e n  
p ro b ab ly  about 42^  o f th e  rhamnose i s  su lp h a te d  and one in  every  two 
to  th r e e  u n i t s  o f  th e  p o ly sa c c h a r id e  i s  s u lp h a te d .
To g e t more in fo rm a tio n  about th e  s i t i n g  o f th e  su lp h a te  groups 
th e  IR spectrum  o f  th e  rhamnan was reco rd ed  (see  f i g .  15) .
The b road  band a t  1220-1270 cm ( 8 = 0 s t r e tc h in g  v ib ra t io n s )  
confirm s th e  p re sen ce  o f  h a l f  e s t e r  su lp h a te  groups as  does th e  band 
a t  850 cm  ^ ( a x ia l  su lp h a te  groups) . That no band cou ld  be observed  
a t  830 cm”  in d ic a te s  th a t  v e ry  l i t t l e  su lp h a te  i s  s i tu a te d  a t  
e q u a to r ia l  p o s i t io n s  and t h i s  im p lie s  th a t  th e  m a jo r i ty  o f  th e  su lp h a te  
groups a re  s i tu a te d  a t  C-2 o f th e  rhamnose r e s id u e s .
C h a ra c te r is a t io n  o f th e  u ro n ic  a c id  in  th e  a c id ic  p o ly sac c h a rid e  
An a l iq u o t  o f  th e  rhamnan was reduced  (e x p t . I 6) 
and i t  was found th a t  th e  u ro n ic  a c id  co n ten t was reduced  from 12 to
2 . 5^  and th e  o v e ra l l  re co v ery  was about ^Ofo, Tlie u ro n ic  a c id  was 
proved c h ro m a to g rap h ica lly  to  be g lu c u ro n ic  a c id  (p . 9 6 ) .  The reduced
In f r a - r e d  Spectriirn o f th e  rhamnan
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p o ly sac c h a r id e  was m eth y la ted  (e x p t. 17) and th e  fo llo w in g  m eth y la ted  
su g ars  were c h a r a c te r is e d  as t h e i r  a l d i t o l  a c e ta te s .
( in  o rd e r  o f  descend ing  peak a rea)
Sugar
2 .4 -d i-O -m ethy l rhamnose )
3 .4 -d i-O -m ethy l rhamnose )
4-O -m ethyl rhamnose ) 
2-OHTiethyl rhamnose )
2 .3 .6- t r  i-O -m ethyl g lu co se  
unm ethy la ted  rhamnose
2 ,3 ,4 ; 6- t e t ra-O -m ethyl g lucose
2 .4 -d  i-O -m ethyl x y lose
2 . 3 .4 - tr i-O -m e th y l rhamnose
2 .3 .6- tr i-O -m e th y l mannose
2 .3 .4 - tr i-O -m e th y l x y lo se
2 , 3 -d i-O -m ethy l x y lo se
)
Tahle 17
The mono- and d i-d im e th y la te d  rhamnose d e r iv a t iv e s  a re  a g a in  counted  
as  o n ly  two peaks and th e s e  two peaks a re  v e ry  much la r g e r  th a n  any 
o f  th e  o th e rs  in  th e  spec trum . A part from th e  fo u r  l a r g e s t  peaks 
th e  o th e rs  a re  a l l  f a i r l y  sm a ll.  As many o f  th e s e  d e r iv a t iv e s  have 
s im i la r  r e t e n t io n  tim es th e  r e l a t i v e  amounts p re se n t a r e  d i f f i c u l t  to  
e s tim a te  hu t th e  g . l . c . - m . s .  a n a ly s is  in d ic a te s  th e  p re sen ce  o f  more
1, 3- l in k e d  rhamnose th a n  1 , 2- l in k e d  and more 1 , 2 , 3- l in k e d /s u lp h a te d  
th a n  1 ,3 ,4 -1 in k e d /s u lp h a te d . The amount o f  end group p re s e n t seems 
f a i r l y  sm a ll, ag a in  in d ic a t in g  th e  p resen ce  o f  f a i r l y  long  c h a in s .
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These r e s u l t s  show th a t  g lu co se  (and th e r e f o r e  g lu c u ro n ic  ac id ) 
i s  p re s e n t "both as 1 , 4- l in k e d  (m ajor) re s id u e s  and end groups (m in o r).
The x y lo se  re s id u e s  were found to  he 1 ,4 -  and 1 ,3 - l in k e d  as w ell 
as end g ro u p s .
The m a jo r ity  o f  th e  rhamnose re s id u e s  a re  1 ,3 -1 inked  and to  a 
la rg e  e x te n t su lp h a te d  a t  C-2. S m alle r amounts o f  rhamnose a re  a lso  
p re s e n t as 1 , 2- l in k e d  re s id u e s  and as end g ro u p s.
By an alo g y  w ith  U. w o rm sk io ld ii ( p .73) i t  i s  p o s s ib le  th a t  some 
o f  th e  2-0 -m ethy l rhamnose re s id u e s  and th e  f r e e  rhamnose a re  d e riv e d  
from 1 , 4- l in k e d  re s id u e s  l in k e d  o r su lp h a te d  a t  th e  o th e r  p o s i t io n s .
P e r io d a te  o x id a tio n  o f  th e  rhamnan
An a l iq u o t  o f  th e  rhamnan was o x id is e d  hy p e r io d a te  ( e x p t .15)»
The p e r io d a te  re d u c tio n  was found to  he ahout 0 .15  mole p e r  anhydro 
u n i t .  On h y d ro ly se s  o f  th e  reco v e red  p o ly a lc o h o l rhamnose w ith  o n ly  
t r a c e s  o f x y lo se  and sm all amounts o f  g lu c u ro n ic  a c id  were ob serv ed .
The u ro n ic  a c id  co n ten t had been  reduced  from 12 to  1 .5^  d u rin g  th e  
o x id a t io n . This confirm s th a t  most o f  th e  x y lo se  and g lu c u ro n ic  a c id  a re  
e i t h e r  1 , 4- l in k e d  o r end groups and th a t  most o f  th e  rhamnose re s id u e s  
a re  l in k e d  such th a t  th e y  a re  no t c leav ed  hy p e r io d a te .
F u r th e r  d is c u s s io n  o f  th e  s t r u c tu r e  o f  t h i s  rhamnan and com parison 
w ith  o th e r  rhamnose c o n ta in in g  p o ly sa c c h a r id e s  o f  U rospora s p . w i l l  he 
found a t  th e  end o f th e  Codiolum s e c t io n  (p . 11$ .
The a c id  e x tr a c t
A w h ite  powder ( l 6^  o f  th e  d ry  w eight o f  th e  weed, 82^ carbohydrate) 
was o b ta in e d  from th e  a c id  e x tr a c t  a f t e r  d ia ly s i s  and f re e z e -d ry in g .
I t  had [ a ] ^  = -5 °  and a s u lp h a te  co n ten t o f  5*5^* A h ji iro ly s a te  was 
shown hy  p ap er chrom atography and g . l . c .  to  c o n ta in  mannose, g lucose  and
108
a  t r a c e  o f  rham nose. The p ro p o r tio n  o f mannose to  g lu co se  was found 
to  he ap p ro x im a te ly  5 : 1 .
In  an  a ttem p t to  e s ta b l i s h  i f  th e re  was more th a n  one p o ly ­
sa c c h a rid e  p re se n t an  a l iq u o t  was u ltr a c e n tr ifu g a te d (e x p t . 19) • The 
changes observed  w ith  tim e as w ell as  a  p lo t  o f  tim e t  a g a in s t  log^X 
whereX i s  th e  d is ta n c e  from th e  c e n tre  o f  th e  r o to r  i s  shown in  
f i g .  16. From t h i s  p lo t  th e  sed im en ta tio n  c o e f f ic ie n t  was found to  
he 0 .9 3  X 10 f o r  t h i s  p o ly sa c c h a r id e (s )  .
The f a c t  t h a t  o n ly  one peak cou ld  he observed  th ro ughou t th e  
experim ent in d ic a te s  t h a t  i f  more th a n  one p o ly sa c c h a r id e  i s  p re se n t 
th e n  th e y  a l l  have ahout th e  same m o lecu lar w e ig h t. Furtherm ore th e  
slow  speed w ith  which th e  peak moved in d ic a te s  th a t  th e  m o lecu lar 
w eight o f  th e  p o ly sa c c h a r id e (s )  in  q u e s tio n  i s  r e l a t i v e l y  s m a ll.
On tre a tm e n t o f  an a l iq u o t  w ith  a  K l/ l^  s o lu t io n  a  p u rp le  co lo u r
was o b ta in e d . This in d ic a te s  th e  p resen ce  o f  an am y lo p ec tin -ty p e
g lu can  and h e a r in g  in  mind th e  1 , 4—lin k e d  mannan found in  th e  w a ter
e x tr a c t  i t  seemed re a so n a b le  to  assume th e  p re sen ce  o f  a  mannan and
++ 22a  g lu c a n . As 1 ,4 - l in k e d  mannans a re  known to  complex w ith  Cu
and 1 , 4- l in k e d  g lucans do n o t , i t  was dec id ed  to  t r y  a  p o s s ib le  s e p a ra t io n
w ith  F eh lin g * s s o lu t io n .
Treatm ent o f  th e  e x tr a c t  w ith  F e h lin g ’s s o lu t io n  (e x p t. 20) gave 
r i s e  to  a copper complex which c o n s is te d  m ain ly  o f  mannose u n i t s .
From th e  s o lu t io n  a g lucan  c o n ta in in g  a sm all p ro p o r tio n  o f  mannose 
was re c o v e re d . To t r y  to  p u r i f y  th e  two f r a c t io n s  f u r th e r ,  bo th  were 
g iv en  a second tre a tm e n t w ith  F eh lin g * s  s o lu t io n  h u t sm all amounts o f 
mannose and g lu co se  s t i l l  p e r s i s te d  in  th e  g lu can  and mannan f r a c t io n s  
r e s p e c t iv e ly .
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Diagrams o f sed im en ta tio n  v e lo c i ty  o f th e  combined  mannan 
and ffluc9-ii on th .6 U l'bracen'trifii^Q
1 8 0 0 s 4 7 0 0 s 8 2 0 0 s 1 0 3 0 0 s
À l o g x
0 83
0 8 2 5
0 8 2
2 303 d logx
^
10 t  ( 1 0 0 0 s )
PifTure l6
The y ie ld s  and s p e c i f ic  r o ta t io n s o f  th e  two p o ly sa c c h a r id e s  a re  
s'ummarised in  th e  fo llo w in g  t a h l e .
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F ra c t io n Y ie ld  $ Carhohydrat e Content ^ S u lphate  ^ [ a ] .
Mannan 58 82 6.5 - 25°
Glucan 11 87 - +131°
Tahle 18
The o v e ra l l  re c o v e ry  from th e  F e h l in g 's  s o lu t io n  experim ent was 
ahout 70^ , th e  lo s s  p ro h ah ly  h e in g  due to  d e g ra d a tio n  o f th e  p o ly ­
s a c c h a r id e s  hy th e  a lk a l in e  c o n d it io n s .
The g lucan
The h ig h  p o s i t iv e  r o t a t i o n  and th e  p u rp le  co lo u r w ith  K l/ lg  
su g g es ts  th e  p resen ce  o f  an am y lo p ec tin -ty p e  g lu c an . Such g lucans 
e x tra c te d  from  d i f f e r e n t  g reen  a lg a e  have had s p e c i f ic  r o ta t io n s  
v a ry in g  from +154° to  +205°. The p resen ce  o f  a  sm all amount o f  
mannose p ro h ah ly  ex p la in s  th e  low er v a lu e  o b ta in e d  f o r  t h i s  m a te r ia l .
The g lu can  was t e s t e d  f o r  s u lp h a te , hu t o n ly  n e g l ih le  amounts 
were found and i t  can th e r e f o r e  he concluded th a t  th e  g lu can  i s  
su lp h a te  f r e e .  To v e r i f y  th e  am ylopectin  l i k e  s t r u c tu r e  th e  g lucan  
was m e th y la ted  (e x p t. 2 l) and th e  fo llo w in g  m eth y la ted  su g ars  were 
c h a r a c te r is e d .
2 ,3 ,4 » 6- t e t ra-O -m ethyl g lucose
2 , 3 , 6- tr i-O -m e th y l g lu co se
2 , 3-d i-O -m ethy l g lu co se  
T races o f m eth y la ted  mannose were a lso  found .
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Peak a re a  m easurements gave th e  fo llo w in g  approxim ate 
p ro p o r tio n s  o f th e  m e th y la ted  g lu co se  u n i t s  1 :2 1 :1 . This experim ent 
shows th e  g lu can  to  he 1 ,4 - l iu k e d  w ith  1 ,4»6-h ranch  p o in ts  and an 
average  ch a in  le n g th  o f 23 u n i t s  which i s  ty p ic a l  o f a  la n d  p la n t  
am y lo p ec tin .
The mannan
The n e g a tiv e  r o t a t i o n  ([o ^ ]  = -25°) found f o r  t h i s  mannan 
su g g es ts  th a t  i t  m ight he o f th e  |3 -1 ,4 - lin k ed  ty p e .  However o th e r  
mannans w ith  t h i s  s t r u c tu r e  have heen w ater in s o lu b le  and cou ld  o n ly  
he e x tra c te d  hy a l k a l i .  On th e  o th e r  hand su lp h a te  re s id u e s  have 
no t heen  re p o r te d  in  any o f  them and th e  p re sen ce  o f  6 .5 ^  s u lp h a te  
in  t h i s  mannan cou ld  e x p la in  i t s  w ater s o l u b i l i t y .
An a l iq u o t  was m e th y la ted  and th e  fo llo w in g  m e th y la ted  su g ars  
were c h a r a c te r is e d ;
2 ,3 ,4»  6 - t  e t ra-O -m ethy l manno s e 
2 ,3 » 6 -tr i-O -m e th y l mannose
3 , 6 -d i-O -m ethy l mannose
2 , 3 -d i-O -m ethy l mannose 
T races o f  m e th y la ted  g lu co se  re s id u e s  cou ld  a ls o  he o b serv ed .
From peak a re a  measurements th e  r e l a t i v e  p ro p o r tio n s  were found 
to  he 1 :1 3 :1 .5 :1 "  Tliese r e s u l t s  show th a t  th e  mannose i s  1 ,4 - l in k e d , 
su lp h a te d  a n d /o r  b ranched  a t  C-2 and C-6 and has an  average  ch a in  
le n g th  o f  ahout 16.
I f  a l l  th e  d i-m e th y la te d  mannose re s id u e s  were due to  su lp h a te  
groups a  su lp h a te  co n ten t o f 8 .3 ^  would he e x p ec ted . As th e  su lp h a te  
co n ten t i s  low er ( 6 .5 ^  i t  can he concluded th a t  bo th  su lp h a te  groups 
and b ranch  p o in ts  a re  p r e s e n t .
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To t r y  to  e s t a b l i s h  th e  s i t e ( s )  o f  th e  s u lp h a te  groups th e  
mannan was p a r t i a l l y  d e su lp h a te d  (e x p t, 2 2 ) . The o v e ra l l  re co v ery  
was 86^  and th e  su lp h a te  co n ten t had been reduced  from 6 .5  to  0 . 6^ .
An a l iq u o t  o f  th e  d e su lp h a te d  mannan was m eth y la ted  (e x p t .  23) and 
g . l . c .  a n a ly s is  o f  th e  d e r iv e d  m eth y la ted  su g ars  showed th a t  th e  
peak co rre sp o n d in g  to  3 » 6-d i-O -m eth y l mannose had alm ost co m ple te ly  
d isap p e a re d  w h ile  th e  p ro p o r tio n  o f th e  2 , 3-d i-O -m ethyl mannose peak 
was unchanged. The approxim ate r e l a t i v e  p ro p o r tio n s  o f  th e  
m e th y la ted  mannose d e r iv a t iv e s  had changed from 1 :1 3 :1 .5 :1  (see  
above) to  1 :1 3 :0 .2 :1  a f t e r  d e su lp h a tio n . The f a c t  th a t  th e
3 , 6-d i-O -m eth y l mannose peak d isap p e a re d  w ith  d em in ish ing  su lp h a te  
co n ten t w h ile  th e  2 , 3 -d i-O -m ethy l mannose peak was u n a l te re d  
in d ic a te s  t h a t  t h i s  mannan i s  su lp h a te d  a t  C-2 and th a t  i t  has 
. b ranch  p o in ts  a t  C-6 . This s t r u c tu r e  shou ld  g iv e  a  su lp h a te  
c o n ten t o f  5*2^. As s l i g h t l y  more i s  a c tu a l ly  found in  th e  o r ig in a l  
m a te r ia l  ( 6 . 5^  t h i s  might be due to  d e su lp h a tio n  d u rin g  m é th y la tio n .
To t r y  to  e s t a b l i s h  i f  t h i s  i s  so two a l iq u o ts  o f su lp h a te d  m a te r ia l  
were m eth y la ted  once and tw ice  r e s p e c t iv e ly  and th e  s u lp h a te  co n ten t 
m easured a f t e r  each (e x p t . 2 l ) .  I t  was found from t h i s  experim ent 
th a t  each m é th y la tio n  reduced  th e  s u lp h a te  co n ten t by betw een 1 and
1 .5/0.
P a r t  o f  th e  IR -s p e c tra  o f  th e  mannan b e fo re  and a f t e r  d e su lp h a tio n  
a re  shown in  f ig u r e  17. The spectrum  b e fo re  d e su lp h a tio n  has th e  
c h a r a c t e r i s t i c  b ro ad  band a t  1210-1280 cm a ss ig n e d  to  su lp h a te
groups to g e th e r  w ith  a  weak band a t  85O cm in d ic a t in g  a x ia l
p o s it io n e d  su lp h a te  g ro u p s . No in d ic a t io n  o f e q u a to r ia l  p o s i t io n e d  
su lp h a te  groups (band a t  830 cm~^) cou ld  be found . The spectrum  
a f t e r  d e su lp h a tio n  had lo s t  b o th  th e  b road  band a t  1210-1270 cm  ^ and
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“-1th e  weak hand a t  85O cm , th u s  in d ic a t in g  th a t  th e  su lp h a te  groups 
in  t h i s  mannan a re  in  an a x ia l  p o s i t io n .  In  th e  most s ta b le  
confo rm ation  o f a  |3-1 inked  mannose re s id u e  o n ly  th e  hydroxyl group 
a t  C-2 i s  in  an a x ia l  p o s i t io n .  The IR -sp ec tro sco p y  th e re fo re  
confirm s th e  r e s u l t  o b ta in e d  from th e  m é th y la tio n  s tu d ie s .
A ll th e  p re se n t experim ents in d ic a te  t h a t  t h i s  mannan i s  a 
p -1 ,4 - l in k e d  mannan w ith  an average  ch a in  le n g th  o f about I 6 and 
b ranch  p o in ts  a t  C-6  w ith  ev ery  te n th  re s id u e  su lp h a te d  a t  C-2.
The r e s i d u e  a f t e r  a c i d  e x t r a c t i o n
The f r e e z e - d r ie d  brow nish s o l id  was found to  c o n ta in  $1% 
p r o te in .  An a l iq u o t  o f  t h i s  s o l id  was h y d ro ly sed  and o n ly  about 
10^ rem ained unhydro lysed  (e x p t. 24)* The h y d ro ly sa te  was shown 
to  c o n ta in  mannose and g lu co se  and t r a c e s  o f  rham nose. Both th e  
s o l id  and th e  re s id u e  (a) . .a f te r  h y d ro ly s is  were s ta in e d  w ith  
H erzb erg ’s s t a i n  and th e  r e s u l t i n g  co lo u rs  observed  under a  m icroscope, 
The s o l id  showed b o th  a  y e llo w ish  g reen  co lo u r as w e ll as  s m a lle r  
amounts o f  th e  red d ish /b ro w n  co lo u r no rm ally  found f o r  c e l l u lo s e .
The r e s id u e ( a) showed o n ly  th e  red /brow n c e l lu lo s e  c o lo u r , th e re b y  
co n firm ing  th e  p re sen ce  o f  c e l lu lo s e  in  t h i s  a lg a .
The r e l a t i v e l y  la rg e  amount o f  mannose found in  th e  h y d ro ly sa te  
o f  th e  re s id u e  su g g es ts  t h a t  w h ile  th e  b u lk  o f th e  mannan i s  e a s i ly  
removed by w ater and d i lu te  a c i d ,  some o f i t  i s  d eep ly  embedded" in  
th e  c e l l u lo s i c /p r o t e in  m a tr ix  o f  th e  c e l l  w a ll and th u s  i s  d i f f i c u l t  
to  e x t r a c t .
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G eneral co n c lu sio n  and com parison w ith  o th e r  members o f  th e  Chlorophyceae
I t  has been shown th a t  th e  low m o lecu lar w e i ^ t  m a te r ia ls  
m e ta b o lise d  by U. w orm sk io ld ii and Codiolum a re  th e  same and c o n s is t  
m ain ly  o f  g lu co se  and f r u c to s e  w ith  l e s s e r  amounts o f su c ro se , myo­
in o s i t o l ,  g ly c e r ic  a c id  and a number o f  g lucose  c o n ta in in g  o lig o ­
s a c c h a r id e s . A part from th e  r e l a t i v e  amounts th e s e .a r e  th e  same as 
th o se  o b ta in e d  from U. p e n ic i l l i f o r m is ^ . In  th e  l a t t e r  a lg a  i t  was 
shown th a t  th e  o ligom ers c o n s is te d  o f  a  homologous s e r ie s  o f m alto— 
o lig o s a c c h a r id e s . S ince a d is a c c h a r id e  w ith  th e  m o b il i ty  o f m altose  
has been  i d e n t i f i e d  from th e  two p re se n t a lg a e  and because  o f  th e  
g re a t  s im i l a r i t y  o f  th e  low m o lecu lar w eight m a te r ia l  in  th e  th re e  
a l g a e , i t  i s  re a so n a b le  to  assume th a t  a t  l e a s t  some o f  th e  p re se n t 
o ligom ers a re  p a r t  o f  a  s im i la r  m a lto o lig o sa c c h a r id e  s e r i e s .  While 
g lu c o se , f r u c to s e ,  su c ro se  and myo—in o s i to l  have been  found b e fo re  in  
g reen  a lg a e , th e  p re sen ce  o f  g ly c e r ic  a c id  and th e  g lu co se  o ligom ers 
(m a lto sa cc h a rid e s)  seem to  be l im i te d  to  th e s e  th r e e  a lg a e .
The aqueous e x t r a c ts  from th e  th r e e  U rospora sp e c ie s  were found 
to  c o n ta in  carb o h y d ra tes  w ith  s i m i l a r i t i e s  as w e ll as d if f e r e n c e s
S ta rc h e s  com prising  am ylose and am ylopectin  which a re  n o rm ally
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found in  members o f  th e  C hlorophyceae , were c h a r a c te r is e d  from bo th  
U. w orm sk io ld ii and Codiolum w hile  o n ly  amylose ap p ears  to  be s y n th e s is e d  
by U. p e n ic i l l i f o r m is .
While e s s e n t i a l l y  l i n e a r  P -1 ,3 - l in k e d  g lucans have p re v io u s ly  been 
11 12r e p o r te d  ’ th e  h ig h ly  b ranched  1 , 3- l ih k e d  g lucans found in  
U. w orm sk io ld ii and Codiolum a re  th e  f i r s t  glucans.. o f . .th is  ty p e  to  be 
found in  any a lg a .
Evidence f o r  th e  p re sen ce  o f  homo-xylans was found in  bo th  
U. p e n ic i l l i f o r m is  and U. w o rm sk io ld ii. While th e  x y lan  in  th e  form er
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was no t c h a r a c te r is e d ,  th e  x v la n in IJ .w orm sk io ld ii was found to  be a
1 , 4- l in k e d  x y lan  b ranched  a t  C-2, a lth o u g h  no p ro o f o f  a  homo-xylan 
was found from Codiolum, i t  i s  p o s s ib le  th a t  th e  x y lo se  c h a ra c te r is e d  
in  th e  h y d ro ly sa te  o f th e  aqueous f r a c t io n  from th e  w a ter e x tr a c t  i s  
d e r iv e d  from a homo-xylan w ith  b o th  1 , 4-  and 1 , 3 - lin k a g e s  o f th e
13same ty p e  as th o se  found in  some re d  a lg a e
A lthough o n ly  t r a c e s  o f mannans were found in  U, w orm sk io ld ii
mannans were s e p a ra te d  and c h a r a c te r is e d  from b o th  U, p e n ic i l l i f o r m is
and Codiolum. The form er mannan was found to  be an  a -1 ,3 - l ih k e d
p o ly sa c c h a r id e  w h ile  in  th e  l a t t e r  a lg a  b o th  t h i s  ty p e  o f mannan in
sm all amounts and la rg e  amounts o f  a P -1 , 4- l ih k e d  mannan branched
a t  C—6 and su lp h a te d , a t  C-2, were found . The o ccu rrence  o f  P -1 ,4 -
21l in k e d  mannans in  a lg a e  has lo n g  been  known and r e c e n t ly  a
23s u lp h a te d  u - 1 , 3- 1 inked  mannan has been  i s o la te d  from a  re d  seaweed • 
n e v e r th e le s s  t h i s  i s  th e  f i r s t  tim e a su lp h a te d  and branched  mannan 
o f  th e  ty p e  found in  Codiolum has been re p o r te d .  As b o th  b ranched  and 
unbranched su lp h a ted  mannose polym ers were i s o la te d  from t h i s  Codiolum 
sample i t  i s  p ro b ab le  t h a t  t h i s  p o ly sac c h a r id e  c o n s is ts  o f  a  fa m ily  o f 
mannose po lym ers.
S ince Codiolum i s  c o n sid e red  to  be p a r t  o f  th e  l i f e  h i s to r y  o f 
U. w orm sk io ld ii t h i s  d if f e r e n c e  in  th e  p o ly sa c c h a r id e s  i s  v e ry  
i n t e r e s t i n g .  The Codiolum i s  an e re c t  form o f th e  p la n t  and i t  i s  
p o s s ib le  th a t  th e  mannan se rv es  as a  s k e le ta l  m a te r ia l  to  g ive  
m echanical r i g i d i t y  to  th e  a lg a , p a r t i c u l a r l y  as mannose i s  found 
to g e th e r  w ith  g lu co se  in  th e  re s id u e  a f t e r  aqueous and a c id  e x t r a c t io n s .
As co m p ara tiv e ly  l i t t l e  su lp h a te d  rhamnan was i s o la te d  from th e  
Codiolum i t  a ls o  seems p o s s ib le  th a t  t h i s  sulphated mannan complements 
th e  rhamnan in  th e  ta s k  o f g iv in g  th e  a lg a  a  c e r t a in  f l e x i b i l i t y .
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Mannose has p re v io u s ly  been i s o la te d  and c h a r a c te r is e d  from th e
24h y d ro ly sa te s  o f  aqueous e x t r a c ts  o f A cresip h o n ia  a r c t a  and o f Ulva 
25la c tu c a  bu t no mannans as such have been s e p a ra te d  from e i th e r  o f
th e s e  two a lg a e .
The complex rhamnose c o n ta in in g  p o ly sa c c h a r id e s  ( h e r e in a f te r
c a l le d  rhamnans) from a l l  th r e e  sp e c ie s  o f  U rospora and from sp e c ie s
27
o f U lva , Enterom orpha, A crosiphon ia  and p o s s ib ly  from U lo th r ix  
sp e c ie s  have many s i m i l a r i t i e s .  They a re  a l l  p o ly d is p e rse  h e te r o ­
p o ly sa c c h a r id e s  which c o n ta in  _L-rhamnose, D -xylose and D -g lucu ron ic  
a c id  and c a r ry  h a l f  e s t e r  su lp h a te  and have f a i r l y  s im i la r  n e g a tiv e  
s p e c i f ic  r o t a t i o n s .  They p ro b ab ly  a l l  com prise a  fa m ily  o f 
p o ly sa c c h a r id e s  b u i l t  up on th e  same g e n e ra l p la n  bu t w ith  v a r ia b le  
p ro p o r tio n s  o f  th e  in d iv id u a l  s u g a rs , e x te n t o f  b ran ch in g  and 
s u lp h a t io n .
The rhamnose re s id u e s  in  th e  U rospora sp e c ie s  a re  m ain ly  1 ,3 - l in k e d  
w ith  s m a lle r  p ro p o r tio n s  o f  end g roup . Small amounts o f  1 ,2 -1 inked  
rhamnose u n i t s  were found in  Codiolum and U. w orm sk io ld ii and 1 ,4-li]ik:ed 
rhamnose u n i t s  have been c h a r a c te r is e d  in  bo th  U. w o rm sk io ld ii and 
TJ. p e n i c i l l i f o r m i s .
The rhamnose re s id u e s  in  U lv a , Enterom orpha and A crosiphon ia  
s p e c ie s  on th e  o th e r  hand, ap p ears  to  be m ain ly  1 ,4 ~ lirik ed  w ith  
s m a lle r  amounts o f  1 ,3 - l in k e d  rhamnose p r e s e n t .
The th r e e  U rospora sp e c ie s  were found to  be su lp h a te d  a t  C—2 o f
1 .3 —lih k e d  (and to  a  s m a lle r  degree  1 ,4 -1 inked) rhamnose u n i t s .  
Furtherm ore s u lp h a te  groups were a ls o  found to  be a t ta c h e d  to  C-4 o f
1 .3 - l in k e d  re s id u e s  (and p ro b ab ly  to  C-3 o f  1 ,4 - l in k e d  re s id u e s  in  
U. w o rm sk io ld ii) . Due to  u n d e rm eth y la tio n  o f  th e  p o ly sac c h a rid e s , 
because o f  s t e r i c  h in d ran ce ,n o  evidence o f  d is u lp h a tio n  o f th e  rhamnose
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re s id u e s  cou ld  be found b u t t h i s  p o s s i b i l i t y  cannot be ru le d  o u t .
The x y lo se  in  th e  rharanan o f U. w orm sk io ld ii i s  m ain ly
1 ,4 -1 inked  w ith  sm a lle r  amounts o f  1 ,2 ,4 - l in k e d  branch  p o in ts  and
end g ro u p s. The x y lo se  in  th e  rhamnans o f th e  o th e r  two U rospora
s p e c ie s  and o f Ulva i s  a ^ a in  p r in c ip a l ly  1 ,4 - l in k e d  though sm a lle r
amounts o f  1 ,3 - l in k e d  and end group x y lo se  a ls o  o c cu r . F urtherm ore
some o f  th e  1 ,4 - l in k e d  x y lo se  u n i t s  in  U lva^^ were found to  be
m onosulphated a t  C—2 . Do ev idence f o r  s u lp h a tio n  o f  th e  x y lo se  in  th e
U rospora sp e c ie s  cou ld  be found .
The u ro n ic  a c id  in  th e  rhamnans from Ulva and U, p e n ic i l l i f o r m is
was found to  be m ain ly  1 ,4 - l in k e d  w ith  sm a lle r  p ro p o r tio n s  o f 1 ,3 -
l in k e d  and end group r e s id u e s .  Only 1 ,4 - lin k e d  (m ajor) and end
group (minor) g lu c u ro n ic  a c id  were found from U, w orm sk io ld ii and
Codiolum rham nans,
The rhamnans m e tab o lised  by Codiolum and U, p e n ic i l l i f o r m is
ap p ea r to  be b a s ic a l ly  l i n e a r  w h ile  th o se  from U, w o rm sk io ld ii, U lv a ,
Enterom orpha and A crosiphon ia  a l l  appear to  be h ig h ly  b ran ch ed .
The p o s s ib le  rhamnose b ranch  p o in ts  in  U lva^^ were found to  be e i t h e r
1 ,2 ,3 -  o r  1 ,3 ,4 - l in k e d  w h ile  th o se  in  U. w orm sk io ld ii were
found to  be e i t h e r  1 ,3 ,4 -  o r  1 ,2 ,4 - l in k e d
Evidence f o r  th e  p resen ce  o f  c e l lu lo s e  have been  found in
U, w o rm sk io ld ii and Codiolum a s  w ell a s  U, p e n ic i l l i f o r m is . The
s t r u c t u r a l  c e l l - w a l l  p o ly sa c c h a r id e  in  a  number o f o th e r  g reen  a lg a e
28has a ls o  been shown to  c o n s is t  o f  c e l lu lo s e  ,
The p re se n t in v e s t ig a t io n s  have shown many s i m i l a r i t i e s  betw een 
th e  ca rb o h y d ra tes  o f U rospora p e n ic i l l i f o r m is , U rospora w orm sk io ld ii 
and (a p a r t from th e  su lp h a te d  mannan) Codiolum p u s il lu m , as would be 
expec ted  from sp e c ie s  b e lo n g in g  to  th e  same genus.
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C hapter TV C arbohydrates m e tab o lised  by th e  brown seaweeds D esm arestia
:a and D osm arestia  firm a
The brown seaweeds o f th e  D esm arestia  fa m ily  be lo n g  to  th e  o rd e r
D esm are stiaceae» They a re  30-180 cm in  le n g th  and th e  fro n d s  a re
f in f o r m e d  o r  com pressed sometimes w ith  an obscure  m id - r i f f .  The
b ranches a re  numerous, o p p o s ite  o r a l t e r n a t e ,  b e a r in g  f in e  filam en to u s
h a i r s  o r sh o r t s p in e - l ik e  b ra n c h le ts  a t  v a r io u s  sea so n s . U n ilo c u la r
sp o ran g ia  develop  from s u p e r f i c i a l  c e l l s  o f th e  c o r t i c a l  la y e r  and
c o n ta in  a sm all number o f zoospores which escape from th e  sporangium  
■1
in  one mass . The D em arestia  sp e c ie s  a re  found grow ing on s to n e s  and 
rocks in  th e  sea  below  low -w ater mark and th e r e f o r e  c o l le c t io n  can 
o n ly  be ach iev ed  by d iv e r s .  D esm arestia  l i g u l a t a  f o r  in s ta n c e  i s  found 
on th e  rocky  bottom  o f subm arine t id e - p o o ls ,  n e a r  low -w ater mark and a t  
g r e a te r  d e p t h . Both B. a c u le a ta  and D. l i g u l a t a  a re  found around th e  
B r i t i s h  I s l e s  w hile  th e  p re s e n t sample o f B. firm a  was found n e a r  
Cape Town, South A fr ic a .
S tu d ie s  have re v e a le d  th a t  th e re  i s  a  th re s h o ld  l i g h t  i n t e n s i t y
2
below which re p ro d u c tio n  in  D esm arestia  w i l l  no t occur . F urtherm ore  
th e r e  i s  ev idence th a t  th e  sex u a l re p ro d u c tio n  o f D esm arestia  may be 
under p h o to p e rio d ic  c o n t r o l .  The garnetophytes o f  D em arestia  were 
found to  rem ain v e g e ta t iv e  when grown in  con tinuous l i g h t  a t  10°C, 
bu t one cy c le  o f  10 h l i g h t ,  14 h d a rk n ess , fo llo w ed  by a r e tu r n  to  
con tinuous l i g h t  induced 13 o f th e  b ranches to  become f e r t i l e ,  and 
f e r t i l i t y  was in c re a se d  to  85^  a f t e r  4 sh o r t-d a y  c y c le s ^ . I n te r a c t io n s
betw een p h o to p e rio d  and tem p era tu re  have a ls o  been  in v e s t ig a te d .
In  D em arestia  gam etophytic re p ro d u c tio n  o ccu rred  in  day le n g th s  s h o r te r  
th a n  10 hours a t  18°, 12 hours a t  14° and 14 hours a t  10° and in  a l l
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day le n g th s  th e  f e r t i l i t y  was h ig h e r  a t  th e  lower te m p e ra tu re s^ .
In  t h i s  a lg a  th e  c r i t i c a l  d ay leng th  would seem to  he in c re a s e d  a t  
lower tem p e ra tu res  o r  th e  p h o to p e r io d ic  c o n t ro l  o f  re p ro d u c t io n  i s  
r e la x e d  a t  low te m p e ra tu re s .
I t  has been r e p o r te d  t h a t  D esm a restia  sp ec ie s  c o n ta in  much 
su lp h a te  as  s u lp h u r ic  a c id  i n  th e  v a cu o la r  sap ^ . This i s  th e  main 
rea so n  f o r  th e  p re se n t  i n t e r e s t  in  th e s e  D esm a re stia  s p e c ie s .
One o f  th e  o b je c t s  b e in g  to  e s t a b l i s h  i f  th e  p resen ce  o f  f r e e  
s u lp h u r ic  a c id  i n  th e  a lg a  causes th e  s y n th e s is  o f  d i f f e r e n t  
c a rb o h y d ra tes  from th o se  norm ally  m e tabo lised  i n  brown a l g a e .
Of th e  D e sm a restia  sp ec ie s  o n ly  D. a c u le a t a  has  been in v e s t ig a te d  
c h e m ic a l ly ^ * ^ '^ .  The r e s u l t s  o f  th e se  s tu d ie s  w i l l  be d iscu ssed  a t  th e  
end o f  t h i s  c h a p te r .
Of th e  samples in v e s t i g a t e d  i n  t h i s  work th e  D. l i g u l a t a  sample 
( l l 6 g  d ry  weight) was c o l l e c t e d  17 .7 .73  from deep w ater  a t  P o r t  E r in ,  
th e  I s l e  o f  Man by Dr Joanna Jo n es ,  U n iv e r s i ty  o f  L iverpoo l and th e  
D. f irm a  sample (IO5 g d ry  weight) was c o l l e c te d  by Mr. R. Simon,
The Dept, o f  Botany, U n iv e r s i ty  o f  Cape Town, ag a in  from below th e  low
t i d e  mark, ( a t  10 m depth) on 27th March.
20Chapman in  a  s tu d y  o f  m orphologica l v a r i a t i o n  in  s p e c ie s  o f  
D esm arestia  has reduced a  number o f  v a r i e t i e s  to  D. l i g u l a t a  v a r . l i g u l a t a  
and D. l i g u ] a t a  var. f i rm a .  These were found to  be ve ry  polym orphic. 
V a r ie ty  l i g u l a t a  always has - a  branched  t h a l l u s  whereas f irm a  i s  m ainly  
unbranched, bu t  some samples may have p o o r ly  developed b ra n c h es .  However 
th e s e  can be d i s t in g u is h e d  from v a r  l i g u l a t a  by  t h e i r  d e l i c a t e  papery  
t e x t u r e  a f t e r  th e  end o f  th e  growing season . This c o n t r a s t s  w ith  th e  
much c o a r s e r ,  c a r t i l a g in e o u s  t e x tu r e  o f  D. l i g u l a t a  var. l i g u l a t a .
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D esm arestia  l i g u l a t a  
I ,  E x t ra c t io n  p rocedure
The a lg a  was plunged in to  a b so lu te  e th an o l im m edia te ly  a f t e r  
c o l l e c t i o n  and th e  r e s u l t i n g  dark  g reen  e x t r a c t  ( h e r e i n a f t e r  c a l l e d  
e x t r a c t  a ) combined w ith  th e  e th an o l e x t r a c t s  from th e  p re s e n t  
exp er im en ts .  The r e s id u a l  m a te r ia l  was a i r  d r ie d  and weighed.
This weight i s  l a t e r  r e f e r r e d  to  as  th e  d ry  weight though somewhat 
in c o r r e c t  s in c e  a f a i r  amount o f  m a te r ia l  had been e x t r a c te d  in to  
th e  a b so lu te  e th a n o l .
The d ry  a lg a  (5 3 «7 g) was e x t r a c te d  as  o u t l in e d  in  flow  c h a r t  I I I  
and ex p la in ed  in  th e  fo l lo w in g  experim en ts .
Experiment 1 E th a n o l ic  e x t r a c t i o n
S o l id  barium carbonate  was added to  th e  80^ e th an o l s o lu t io n  to  
keep th e  pH between 5 a.nd 7» The l a s t  e x t r a c t  was found to  be 
n e a r ly  c o lo u r l e s s .  The combined e x t r a c t s  ( in c lu d in g  e x t r a c t  a) were 
ta k e n  down to  d ry n ess ,  r e d i s s o lv e d  in  w a ter  and e x t r a c te d  w ith  .e ther 
(3 X 50 ml) to  remove th e  c h lo ro p h y ll  and th e  y e llo w ish  aqueous 
s o lu t io n  was ta k en  to  d ry n e ss .
Experiment 2 Aqueous e x t r a c t i o n
S o l id  barium carbonate  was a g a in  added to  th e  calcium  c h lo r id e  
s o lu t i o n  to  keep th e  pH between 5 and 7# The r e s id u a l  a lg a  was 
c e n t r i fu g e d  o f f  a f t e r  each e x t r a c t i o n  and th e  f i n a l  e x t r a c t  was found 
to  c o n ta in  v e ry  l i t t l e  carbohydate . The combined e x t r a c t s  were 
c o n c e n tra te d  t o  sm all volume and f r e e z e - d r i e d  to  a w hite  s o l i d  ( l . 6 2  g ) .
Experiment 3 Acid e x t r a c t i o n
The pH was kept a t  2 .0 d u r in g  th e se  e x t r a c t i o n s  by th e  a d d i t io n  
o f  more d i l u t e  HCl a c id  when n e c e s sa ry .  The combined e x t r a c t s  were 
d ia ly s e d  f o r  3 days and a f t e r  f r e e z e -d r y in g  a  w hite  powder was o b ta in e d
( 1 . 5 0  s)>
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Flow Chart I I I  E x t r a c t io n  p rocedure  o f  D esm arestia  l i g u l a t a
Alga plunged in  e th an o l  a f t e r  c o l l e c t i o n  
Dry weight 35.7  g 
E x t ra c te d  w ith  80^ e th an o l + s o l i d  BaCO^, pH 5-7*
2 X 300 ml, 25° ,  4h
V
V
3 X 300 ml, 70°, 4h
Powdered under l i q u i d  immersed in  40^ formaldehyde ov e rn ig h t
su p e rn a ta n t  d is c a rd e d
E x t ra c te d  w ith  a  2^ CaCl^ s o lu t io n  + s o l i d  BaCO^, pH 5-7
1 X 300 ml, 25° ,  4h 
3 X 300 ml, 70° ,  4h
Combined e x t r a c t s  d ia ly s e d  and f r e e z e - d r i e d  1 .62g
E x t ra c te d  w ith  d i l u t e  HCl, pH = 2 .0  5 x 300 ml, 70°, 4h
D ia ly sed  and f r e e z e - d r i e d  1„50g
E x t r a c te d  w ith 3^ HagCO^ s o lu t io n  5 x 300 ml, 50°, 4h
Combined e x t r a c t s  
e thano l. V
s o lu b le  in s o lu b le
d ia ly s e d ,  f r e e z e - d r i e d  ^2fo CaCl^
552 mg
"fucad ' 345 mg c a lc iu m a lg in a te  3 .3 5
V
Residue
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Experiment 4 Alkali extraction
The combined e x t r a c t s  were poured in to  e th an o l  (3 v o l . )  and 
a f t e r  b e in g  l e f t  ov e rn ig h t  th e  d e r iv e d  p r e c i p i t a t e  was c e n t r i fu g e d  
o f f .  The c e n t r i f u g a t e  was c o n ce n tra te d ,  d ia ly s e d  and f r e e z e - d r i e d .
A g re e n ish  s o l i d  was o b ta in e d  (552 mg). The d i a ly s a t e  was 
c o n ce n tra te d  to  sm all volume and t e s t e d  f o r  4 ,5  u n s a tu r a te d  a c id s ^ .
The e th an o l p r e c i p i t a t e  was a i r  d r i e d  and th e n  r e d i s s o lv e d  in  
w a ter  and d ia ly s e d  f o r  t h r e e  days. The s o lu t io n  was th e n  made up 
to  a  c o n c e n t ra t io n  o f  about 1^ a l g i n i c  a o id  (compared to  a 
m annuronolactone graph) and a  2^ aqueous calcium  c h lo r id e  s o lu t io n  
was added s low ly  w ith  s t i r r i n g  u n t i l  p r e c i p i t a t i o n  o f  calcium  
a lg i n a t e  was com plete. This g e la t in o u s  p r e c i p i t a t e  was c e n t r i fu g e d  
o f f ,  washed w ith  w a te r  and f r e e z e - d r i e d  to  a fawn powder (9*3 g ) .
The su p e r n a ta n t was d ia ly s e d  t i l l  c h lo r id e  f r e e  and f r e e z e - d r i e d  t o  a  
w h ite  s o l i d  (345  mg) h e r e in a f t e r  c a l l e d  t h e  " fu ca n " .
The re s id u e  a f t e r  t h i s  e x t r a c t  was not examined f u r t h e r .
I I  I n v e s t i g a t io n  o f  th e  d i f f e r e n t  e x t r a c t s  
The e th a n o l ic  e x t r a c t
Experiment 5 » The s o l i d  from th e  e th a n o l ic  e x t r a c t s  was r e d i s s o lv e d  
in  w a te r  and t r e a t e d  w ith  B io d em in ro li t  ( n e u t r a l  form) and th e  s o lu t io n  
ta k e n  to  sm all volume (c a .  3 ml) and th e  m annito l p r e c i p i t a t e d  
w ith  s i x  s e q u e n t ia l  a d d i t io n s  o f  e th an o l  ; th e  c r y s t a l l i n e  m annito l be in g  
removed by f i l t r a t i o n  a f t e r  each a d d i t i o n .  The r e s id u a l  syrup was 
in v e s t ig a te d  by paper chromatography [GM I I I  ( i )  (a and b) , IV ( i ,  i i ,  
i i i ,  i v ,  V and v i)  ] and g . l . c .  o f  th e  sugar and a l d i t o l  TMS 
d e r iv a t i v e s  [OM V, A ( i i ) ,  B ( i i i ) ] .  The syrup was s e p a ra te d  on 3MM 
paper  in  so lv en t  (a) and th e  sp o ts  w ith  R m annito l th a n  1 were
combined and th e  m ix ture  h y d ro ly sed . The h y d rp ly s a te  was in v e s t ig a te d
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b y  paper chrom atography [GM I I I  ( i )  (a  and b) , IV ( i ,  i i ,  i i i ,  i v ,
V and v i )  ]  and g . l . c .  o f  th e  su gar  and a l d i t o l  TMS d e r iv a t iv e s  
■ [GM V, A ( i i )  , B ( i i i ) ] .
The aqueous e x tr a c t
Experim ent 6 . An a l iq u o t  (15 mg) was h y d r o ly se d  [GM I I  ( i ) ]  and th e  
su g a rs  p r e s e n t  c h a r a c te r is e d  b y  paper chrom atography [GM I I I  ( i )
(a  and b) , IV ( i ,  i i ,  i v ,  v  and v i ) ] ,  b y  g . l . c .  o f  th e  su g a r  and 
a l d i t o l  TMS d e r iv a t iv e s  [GM V A ( i i ) ,  V B ( i i i ) ]  and b y  
io n o p h o r e s is  [GM I I I  ( i i )  (b and c ) ] .
The carb oh yd ra te  c o n te n t  [GM VI ( i ) ] ,  th e  s u lp h a te  c o n ten t  
[GM VI ( i i i ) ]  and th e  u r o n ic  a c id  c o n te n t  [ gM VI ( i i )  ( a ) ]  were a l l  
d eterm in ed .
Experim ent 7 C h a r a c te r is a t io n  o f  th e  mannose
An a l iq u o t  o f  th e  s o l i d  (100 mg) was h y d r o ly se d  [Gr/[ I I  ( i )  ]  and
t h e  h y d r o ly s a te  s u b je c te d  t o  io n o p h o r e s is  a t  pH 6 .8  [GM I I I  ( i i )  (b) ] .
The m a te r ia l  on th e  s t a r t i n g  l i n e  o f  th e  ionophoretogram  was e lu t e d  and
s p o t te d  on to  3MM paper and th e  l a t t e r  e lu te d  in  s o lv e n t  (a) o v e r n ig h t .
The "mannose" f r a c t io n  was e lu t e d  and an a l iq u o t  was m ixed w ith
9
p h en y lh y d r a z in e  in  e th a n o l . An a l iq u o t  o f  t h i s  "mannose" was 
s u b je c te d  t o  io n o p h o r e s is .
A nother a l iq u o t  (100 mg) o f  th e  s o l i d  was t r e a t e d  a s  d e s c r ib e d  
above but th e  3MM paper was d e v e lo p e d  in  s o lv e n t  (b) o v e r n ig h t .
The "mannose" f r a c t io n  was e lu te d  and m ixed w ith  p h e n y lh y d ra z in e  in
9
, e th a n o l . A f te r  r e c r y s t a l l i s a t i o n  in  e th a n o l t h e  m e lt in g  p o in t  o f  
th e  d e r iv e d  hydrazone was m easured a s  w e l l  a s  th e  m ixed m e lt in g  p o in t  
w ith  an a u t h e n t ic  sam ple o f  mannose p h en y lh y d ra zo n e .
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Experiment 8 Fraotioration of the acpaeous extract
An a l iq u o t  o f  th e  w hite  powder (430 mg) was d is s o lv e d  in  
w a te r  (4O ml) and la y e re d  on to  a  DE-52 c e l l u lo s e  column [GM VII 
( x i ) ] .  The column was e lu te d  w ith  about 6OO ml o f  each o f  th e  
fo l lo w in g  s o lu t i o n s :  w a te r ,  0.1M KOI, 0.2M KOI, 0.3M KOI, O .5M KOI, 
O .5M KCl and 1.0M KOI (Table I 9) .
Experiment 9 Composition of the different fractions
The carbohydra te  con ten t [GM VI ( i ) ] ,  th e  su lp h a te  con ten t 
[GM VI ( i i i ) ]  and th e  u ro n ic  a c id  con ten t [ŒM VI ( i i )  ( a ) ]  were 
de term ined  f o r  each o f  th e  f r a c t i o n s .  A f te r  h y d ro ly s is  [GM I I  ( i ) ] 
th e  sugars  in  th e  d i f f e r e n t  f r a c t i o n s  were c h a r a c te r i s e d  by paper 
chromatography in  s o lv e n ts  [GM I I I  ( i )  (a and b) and lo c a t in g  
re a g e n ts  [Œ\T IV ( i ,  i i ,  i v  and v) ] and by g . l . c .  o f  th e  su g ar  and 
a l d i t o l  TMS d e r i v a t i v e s .  The aqueous f r a c t i o n  was t r e a t e d  w ith  
g lu co se  ox idase  [GM TV ( i v ) ] a f t e r  h y d ro ly s is  and th e  o x id is e d  
m ix tu re  a n a ly sed  by paper chromatography.
A liq u o ts  o f  th e  0.2M KCl and 0.5M KCl f r a c t i o n s  [abou t 5^ mg 
o f  each] were hyd ro lysed  [GTÆ I I  ( i ) ]  and th e  h y d ro ly s a te s  s e q u e n t i a l l y  
s e p a ra te d  on 3MM paper in  s o lv e n ts  (b) and (a) . The a p p ro p r ia te  
s t r i p s  were e lu te d  and th e  q u a n t i ty  o f  th e  p a r t i c u l a r  sugar  de term ined  
by th e  phenol su lp h u r ic  a c id  method [GM VI ( i ) ] .  '■
The a c id  e x t r a c t
Experiment 10. An a l iq u o t  o f  th e  s o l i d  (15 mg) was h yd ro lysed  and 
th e  h y d ro ly sa te  and th e  com position  o f  th e  s o l i d  were i n v e s t ig a te d  
as  o u t l in e d  in  e x p t .  6.
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Experim ent 11 F r a c t io n a t io n  o f  th e  a c id  e x t r a c t
An a l iq u o t  o f  th e  w hite  s o l i d  (205 mg) was d is s o lv e d  in  w ater  
(30 ml) and f r a c t i o n a t e d  as  d e t a i l e d  in  e x p t .  8 .  A s im i l a r  
f r a c t i o n a t i o n  p a t t e r n  (see  t a b l e  I 9) was o b ta in e d .
The"fucan from th e  a l k a l i  e x t r a c t
Experiment 12. An a l iq u o t  o f  th e " fu c a n ' (1 6  mg) ( e x p t .  4) was 
hy d ro ly sed  and th e  h y d ro ly s a te  and th e  com position  o f  th e  e x t r a c t  
were i n v e s t ig a te d  as  d e sc r ib e d  in  e x p t .  6 .
Experiment 13 F r a c t io n a t io n  o f  th e  fucan
An a l iq u o t  o f  th e  fucan  (220 mg) was d is s o lv e d  in  w a ter  and 
f r a c t i o n a t e d  a s  d e sc r ib e d  in  e x p t ,  8 and s im i l a r  f r a c t i o n s  (see  
t a b l e  19) were s e p a ra te d .
Experiment 14 Examination o f  th e  calcium a lg i n a t e  from th e  a lk a l i n e  
e x t r a c t
Conversion o f  calcium  a lg in a t e  to  sodium a lg i n a t e  
The calcium  a l g i n a t e  (9*3 g) ( e x p t .  4) was suspended in  a  
O .5M HCl (300 ml) s o lu t io n  in  a  l a r g e  s i n t e r e d  fu n n e l th e  base  o f  
which was f i l l e d  w ith  w a te r .  The suspension  was o c c a s io n a l ly  s t i r r e d  
and a f t e r  3h th e  h y d ro c h lo r ic  a c id  was f i l t e r e d  o f f .  The f i l t r a t e  
was t e s t e d  f o r  calc ium  ions w ith  an  o x a la te  s o lu t i o n  and th e  
p ro cess  re p e a te d  tw ic e .  Ho calc ium  was found in  th e  l a s t  f i l t r a t e  
and th e  s o l i d  was washed w ith  w a te r  t i l l  n e a r ly  n e u t r a l  u s in g  
t r o p o l e i n  as  i n d i c a t o r .  The s o l i d  was th e n  suspended in  w ater 
under v igorous  s t i r r i n g  and t i t r a t e d  w ith  0.1M HaOH u n t i l  pH = 7 was 
reach ed  by which tim e a l l  th e  a l g i n i c  a c id  had d is s o lv e d .  The 
s o lu t io n  was d ia ly s e d  f o r  two days and f r e e z e - d r i e d  to  a  fawn s o l i d .
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Experiment 13 I n v e s t i g a t io n  o f  th e  sodium a lg in a t e
An a l iq u o t  (20 mg) o f  th e  sodium a l g i n a t e ( s )  was h y d ro ly sed  
[GM 2 ( i ) ]  and i n v e s t i g a t e d  hy paper chromatography [GM I I I  ( i )
(a and h) and IV ( i  and i i ) ]  and hy io n o p h o re s is  [GT'Î I I I  ( i i )  (c) ] .  
The v i s c o s i t y  o f  a  1^ aqueous sodium a lg i n a t e  s o lu t i o n  (25 ml) was 
measured a t  25° in  an  Ubhelodhe suspended l e v e l  v isco m e te r .
Experiment 16 E x t r a c t io n  o f  a l g i n i c  a c id  (see  flow  c h a r t  IV)
An a l iq u o t  o f  th e  d ry  a lg a  (5*0 g) was suspended in  a s o lu t io n  
o f  s a tu r a t e d  CaCO  ^ ( I 50 ml) under s t i r r i n g  and s o l i d  CaCO  ^ was added 
to  keep th e  pH between 5 and 7* The su p e rn a ta n t  was decan ted  o f f  
and th e  s o l i d  washed w ith  co ld  w a te r .  The s u p e rn a ta n t  was d ia ly s e d  
f o r  3 days and f r e e z o - d r i e d  to  g ive  a  w h ite  s o l i d  ("Fucan" A, 20 mg) . 
A s o lu t i o n  o f  1 .8^  fo rm a lin  (2 ml) was added to  th e  a lg a  and th e  
. m ix tu re  s t i r r e d  f o r  a  minute and th e n  l e f t  f o r  30 min. The 
su p e rn a ta n t  was decan ted  o f f  and w a te r  ( 15O ml) was added and th e  
pH o f  th e  m ix ture  was found to  be 6 . 5 . To t h i s  m ix tu re  s o l i d  
Ha^CO^ ( 1.5  g) and a 10^ HaOH s o lu t io n  ( I .5 ml) were added and th e  
m ix tu re  was kep t a t  60°C f o r  2 h under s t i r r i n g .  The re s id u e  
was f i l t e r e d  o f f  and th e  s o lu t io n  n e u t r a l i s e d  (pH = 6 . 5) w ith  
d i l u t e  HCl and d i l u t e d  to  8OO ml. A 2^ CaCl^ s o lu t i o n  (IOO ml) was 
added under s t i r r i n g  and th e  g e la t in o u s  calcium  a l g i n a t e  c e n t r i fu g e d  
o f f  and th en  washed w ith  d i l u t e  CaCl^ s o lu t io n ,  th e n  suspended in  
w a ter  and f r e e z e - d r i e d  to  a  brownish calcium  a l g i n a t e  s o l i d  
(B, 692 mg) . The su p e rn a ta n t  was d ia ly s e d  f o r  3 days and th e n  
f r e e z e - d r i e d  ("Fucan" B, 173 mg). The r e s id u e  was e x t r a c te d  3 tim es 
w ith  a  yjo Hag CO ^  s o lu t io n  ( 15O ml) a t  70°C f o r  3 h each t im e .
The com bined s o lu t io n s  were n e u t r a l i s e d  (pH = 6 . 5) w ith  d i l u t e  HCl 
and d i lu t e d  t o  5OO m l. T h is s o lu t i o n  was t r e a t e d  a s  d e s c r ib e d  above
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and gave a brownish o a lc i im  a l g i n a t e  s o l i d  ( c, 223 mg), a s  w e ll  as 
a  w h ite  s o l i d  ("Fucan" C, 45 mg). The two calcium  a lg in a t e s  were 
conver ted  in to  th e  sodium s a l t s  a s  d e sc r ib e d  in  e x p t .  14 and 
t h e i r  v i s c o s i t y  was de term ined  f o r  a  1^ s o lu t io n  a t  25° w ith  an 
Ubhelodhe suspended l e v e l  v isco m ete r .
Flow Chart IV E x t r a c t io n  o f  a l g i n i c  a c id
Alga, d ry  weight 5 .0  g
n e u t r a l i s i n g  th e  f r e e  s u lp h u r ic  a c id .  I 50 ml s a tu r a t e d
Ca CO^  s o lu t i o n  + s o l i d  
Ca CO
E x t ra c t  A 20 mg o f  "fucan"
F o r m a ld e h y d e  t r e a t m e n t
V
V
E x tra c te d  w ith  I 50 ml 1^ HagCO^ c o n ta in in g  0.1% HaOH, 60°C, 2h 
S e p a ra t io n  and p u r i f i c a t i o n
E x t ra c t  B 692 mg calc ium  a l g i n a t e  and 173 mg o f  " fucan"
E x t ra c te d  w ith  I 50 ml 3^ HhgCO^, 3x, 70°C, 3h 
S e p a ra t io n  and p u r i f i c a t i o n  
E x t ra c t  C 223 mg calcium  a l g i n a t e  and 45 mg o f  "fucan"
R e s id u e
Experiment 17. The t h r e e  " fu can s"  (a ,  B and C) o b ta in e d  from 
experiment I 6 were in v e s t ig a te d  as  d e sc r ib e d  in  experiment 6 
(see  Table 2 0 ) .
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Experiment l8  E s t im a tio n  o f  th e  g ii lu ron ic  to  mannuronic a c id  r a t i o  
in  th e  a l g i n i c  a c id  
Three a l i q u o t s  (about 200 mg) o f  sodium a l g i n a t e  were weighed 
a c c u r a t e ly  in to  t h r e e  f l a s k s .  The a l g in a t e s  were d is so lv e d  in  
w a te r  (10 ml) and to  o b ta in  complete s o l u b i l i s a t i o n  th e  s o lu t io n s  
were warmed. A s o lu t i o n  (lO m l)o f  0.8M HCl was added to  each 
f l a s k  and th e  m ix tu res  were h y d ro lysed  f o r  2h a t  100°C. The 
m ix tu res  were c e n t r i fu g e d  and th e  s u p e rn a ta n ts  were ta k en  f o r  
a n a ly s i s  o f  th e  s o lu b le  components and th e  re s id u e s  were washed 
w ith  O .4M HCl. One re s id u e  ( r e s id u e  I) was ta k e n  f o r  a n a ly s i s  
and i t  was f u r t h e r  washed w ith  0 . 4M HCl/acetone s o lu t i o n ,  suspended 
in  w a ter  and f r e e z e —d r ie d .  The rem ain ing  re s id u e s  were s o l u b i l i s e d
by th e  a d d i t io n  o f  O .5M HaOH. The a l g i n i c  a c id s  were t r e a t e d  w ith  
O .5M HCl u n t i l  th e  p r e c i p i t a t i o n  p o in t  was j u s t  reach ed  and th e  
m ix tu res  were th e n  made up to  10 ml w ith  d i s t i l l e d  w a te r .
A s o lu t io n  o f  0.8M HCl (IO ml) was added to  each a l g i n i c  a c id  
s o lu t io n  and th e  combined s o lu t io n s  were re h y d ro ly sed  f o r  2 hours  
a t  100°C. The m ix tu res  were c e n t r i fu g e d  and th e  s u p e rn a ta n ts  were 
k ep t and one re s id u e  ( r e s id u e  2) was ta k en  f o r  a n a ly s i s  and t r e a t e d  
as d e sc r ib e d  above. The l a s t  r e s id u e  was r e s o l u b i l i s e d  and h y d ro lysed  
as d e sc r ib e d  above g iv in g  a  su p e rn a ta n t  and a r e s id u e  ( r e s id u e  3 )•
The ca rbohydra te  c o n ten ts  o f  th e  su p e rn a ta n ts  were e s t im a te d  by th e  
phenol s u lp h u r ic  a c id  method XI ( i ) ]  u s in g  a p o ly g u lu ro n ic  a c id  
to  mannuronolactone 1:1 g rap h .
The g u lu ro n ic  a c id  c o n ten ts  o f  th e  s u p e rn a ta n ts  and th e  
re s id u e s  ( th e  l a t t e r  co nver ted  in to  s o lu b le  sodium a lg in a te )  were 
de term ined  by th e  ca rb azo le  method [CM VI ( i i )  (b ) ]  m easuring th e  
r a t i o  o f  chromophore produced in  s u lp h u r ic  a c id  w ith  and w ithout
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added b o ra te  a t  55°C. S tandard  ca rb azo le  graphs were determ ined  
f o r  p o ly g u lu ro n ic  a c id  and m annuronolactone.
Experiment 19 E s t im a tio n  o f  th e  mannuronic to  g u lu ro n ic  a c id  r a t i o  
in  a l g i n i c  a c id  (b) and (c) from e x p t .  14»
Three a l i q u o t s  (about 200 mg each) o f  sodium a l g i n a t e  (b) 
were weighed in to  t h r e e  preweighed f l a s k s  and th e  a lg i n a t e s  were 
d is so lv e d  in  w a te r  (10 ml e a c h ) .  The s o lu t io n s  were h y d ro ly sed  
and th e  g u lu ro n ic  a c id  co n ten t  in  th e  d i f f e r e n t  f r a c t i o n s  was 
determ ined  as  o u t l in e d  in  e x p t .  l 8 .
An a l iq u o t  (193 mg) o f  sodium a lg i n a t e  (c) was weighed in to  
a  preweighed f l a s k  and hy d ro ly sed  th r e e  t im es  and an a ly se d  as  
d e sc r ib e d  in  e x p t .  18.
The re s id u e
Experiment 20. The p r o t e in  co n ten t  o f  th e  re s id u e  a f t e r  th e  
e x t r a c t i o n s  in  flow c h a r t  IV was de term ined  [CM V ( i v ) ] .
The re s id u e  was t e s t e d  f o r  c e l l u l o s e  w ith  H e rzb e rg 's  s t a i n ^ ^ .  
Two a l i q u o t s  o f  th e  r e s id u e  (about 50 mg each) were h y d ro ly sed  
w ith  72% su lp h u r ic  a c id  (5 ml) [GM I I  ( i i ) ]  a t  25°C and 100°C 
r e s p e c t i v e l y  f o r  1 h o u r .  The u ro n ic  a c id  c o n ten ts  o f  th e
h y d ro ly s a te s  were determ ined  [GM VI ( i i )  ( a ) ]  and th e  h y d ro ly s a te s  
were in v e s t i g a t e d  by p ap er  chromatography [GM I I I  ( i )  (a and b ) ,
IV ( i  and i i ) ] .
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R e s u l ts  and d is c u s s io n
In  th e  f i r s t  in s ta n c e  th e  ca rb o h y d ra tes  in  h a l f  o f  th e  sample 
o f  a lg a  were e x t r a c te d  acc o rd in g  to  th e  methods used  f o r  
D. a c u le a ta  namely e x t r a c t i o n  f i r s t  w ith  80% e th an o l and t h e r e a f t e r  
w ith  an aqueous 2% CaClg s o l u t i o n .  The pH o f  t h i s  s o lu t i o n  was 
found to  be v e ry  low in d i c a t i n g  t h a t  th e  a l g a ' s  f r e e  s u lp h u r ic  
a c id  had been r e l e a s e d  in to  th e  s o l u t i o n .  A la r g e  amount o f  
s o l i d  CaCO  ^ was th e r e f o r e  added to  th e  m ix tu re  and th e  pH o f  th e
s o lu t io n  was kep t between 5-7• When th e  pH o f  th e  80% e th an o l 
e x t r a c t  was measured t h i s  was a l s o  found to  be v e ry  low.
Furtherm ore t h i s  a lg a  had been plunged in to  b o i l i n g  a b s o lu te  
e th an o l im m ediate ly  on c o l l e c t i o n  and t h i s  e th a n o l ic  s o lu t io n  was 
a g a in  found to  have an ex trem ely  low pH. The a lg a  had th u s  been 
su b je c te d  to  a  ho t  a c i d i c  s o lu t io n  b e fo re  th e  p re s e n t  e x t r a c t io n s  
s t a r t e d .  I t  i s  th e r e f o r e  p ro b ab le  t h a t  th e  p o ly sa c c h a r id e s  e x t r a c te d  
had been  degraded to  some e x t e n t .  n e v e r th e le s s  i t  was d ec id ed  to  
p roceed  w ith  th e s e  e x t r a c t i o n s  a s  w e ll  as  s t a r t  a  new e x t r a c t i o n  
procedure  based  on flow  c h a r t  I I I  and to  compare th e  two s e t s  o f  
r e s u l t s .
I t  was found t h a t  th e  two e x t r a c t i o n  p rocedu res  gave f a i r l y  
s im i l a r  r e s u l t s  a p a r t  from th e  f a c t  t h a t  th e  aqueous and a c id  
e x t r a c t s  from th e  f i r s t  h a l f  o f  th e  a lg a  appeared  to  c o n ta in  a f a i r  
amount o f  f r e e  u ro n ic  a c id .  Both th e s e  e x t r a c t s  had a  u ro n ic  a c id  
con ten t o f  w e ll  above 40%* S ince th e  r e s t  o f  th e  r e s u l t s  were 
found to  be f a i r l y  s im i l a r  o n ly  th e  r e s u l t s  from th e  e x t r a c t i o n  
p rocedure  fo l lo w in g  flow  c h a r t  I I I  w i l l  be d is c u s s e d .
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To avo id  d e g ra d a t io n  o f  th e  p o ly sac c h a r id e s  i n  a lg ae
c o n ta in in g  f r e e  s u lp h u r ic  a c id  i t  i s  o b v io u s ly  n e c e s sa ry  to  
n e u t r a l i s e  th e  s u lp h u r ic  a c id  im m ediate ly  th e  a lg ae  a r e  c o l l e c t e d .
I n  th e  p re se n t  experim ents  i t  was shown t h a t  though BaCO^ was 
added to  th e  80% e th a n o l ic  s o lu t i o n  th e r e  was s t i l l  f r e e  
s u lp h u r ic  a c id  p re s e n t  in  th e  a lg a  a f t e r  t h i s  e x t r a c t i o n  as 
proved by th e  low pH v a lu e  found when th e  r e s id u e  was su b je c te d  to  
aqueous e x t r a c t i o n .
As e th an o l does no t e x t r a c t  any o f  th e  p o ly sa c c h a r id e s  p re se n t  
in  th e  a lg a  i t  was decided  to  look  f o r  a  compound t h a t  i s  s o lu b le  
in  e th an o l and a t  th e  same tim e i s  a  s t ro n g  enough base  to  n e u t r a l i s e  
th e  a c id  q u ic k ly .  Amines f i t  bo th  th e s e  requ irem en ts  and 
t r i e th y la m in e  and e thanolam ine were b o th  t e s t e d .  A f te r  
p re l im in a ry  experim ents in  th e  l a b o r a to r y  w ith  th e  p re s e n t  
B. l i g u l a t a  sample, two p l a s t i c  c o n ta in e r s  each c o n ta in in g  80% 
e th an o l and 1% o f  t r i e th y la m in e  and ethanolam ine r e s p e c t iv e ly ,  
g iv in g  a  f i n a l  pH o f  about 10, were s en t  to  th e  marine s t a t i o n  
Plymouth where Dr G. Boalch c o l l e c t e d  some D. l i g u l a t a . He 
p la c e d  a few s t r a n d s  o f  th e  weed in  each c o n ta in e r  im m ediate ly  
on c o l l e c t i o n .  The pH o f  th e s e  s o lu t io n s  remained about th e  same 
as b e fo re  th e  a d d i t io n  o f  th e  a lg a .
S tran d s  o f  a lg a  were suspended in  a  sm all volume o f  w a te r  
and th e  s o lu t io n s  were found to  be n e u t r a l  i n d i c a t i n g  t h a t  th e  
amines had removed a l l  th e  f r e e  su lp h u r ic  a c id .  80% e th an o l 
was used  in  th e s e  experim ents because i t  was though t t h a t  th e  
s u lp h u r ic  a c id  would d i s s o lv e  more e a s i l y  in to  t h i s  s o lu t io n  th a n  
in to  a b so lu te  e th a n o l .
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These r e s u l t s  in d ic a te  t h a t  a  method to  d ea l w ith  f r e e  su lp h u r ic  
a o id  in  th e s e  a lg ae  has been dev ised  and it. has been used  in  th e  
e x t r a c t io n s  o f  D. f irm a  d is c u s s e d  in  a  l a t e r  p a r t  o f  t h i s  c h a p te r .
A f te r  a c id i f y in g  th e  s o lu t io n s  th e  su lp h a te  p re s e n t  was 
im m ediate ly  p r e c i p i t a t e d  as  barium su lp h a te  d r ie d  ,and weighed.
The e th a n o l ic  e x t r a c t
The e th a n o l ic  e x t r a c t  (a) and th e  80% e th a n o l ic  e x t r a c t  were 
found to  g ive  s im i la r  chrom atographic  p a t t e r n s  and th e y  were t h e r e f o r e  
combined. The m annito l was s e p a ra te d  by  re p e a te d  c r y s t a l l i s a t i o n s  
w ith  c o ld  e thano l and t h i s  gave 1 .9g  (3*4% o f  d ry  w eight) m annito l and 
a  yellow  syrup (50 mg, 10% carbohydrate)  v i r t u a l l y  m annito l f r e e .
This syrup  was found to  c o n ta in  sm all amounts o f  x y lo se ,  mannose and 
g a la c to s e  and s ix  slow moving sp o ts  w ith  O .65 , O.5 , O.4 ,
0 . 26 , 0 . 1 .  Because o f  th e  sm all amount o f  carbohydra te  p re s e n t  in  
each spo t th e y  were combined and h y d ro ly sed  and from th e  h y d ro ly sa te  
x y lo se  and g a la c to s e  (major) a s  w e ll  as  mannose and myo- i n o s i t o l  were 
c h a r a c t e r i s e d .  Hone o f  th e  sp rays  ( e x p t .  5) s p e c i f i c  f o r  g lu co se ,  
k e to se s  and sed ohep tu loses  gave a  p o s i t i v e  r e a c t io n  and i t  was th e r e f o r e  
concluded t h a t  a l l  th e s e  su g ars  were absen t in  t h i s  e x t r a c t .
The aqueous e x t r a c t
A f te r  d i a ly s in g  and f r e e z e - d r y in g  a w hite  powder (2.7% o f  d ry  
w e igh t,  76% carbohydrate)  was i s o l a t e d .  A na lys is  o f  a  h y d ro ly sed  
a l iq u o t  showed th e  fo l lo w in g  sugars  to  be p re s e n t  fucose  (m a jo r ) , 
g a la c to s e ,  mannose, x y lo se ,  g lucose  and g lu c u ro n ic  a c id .
136
Glucose, g a la c to s e ,  mannose, x y lo se  and fucose  were a l l  
c h a r a c te r i s e d  hy  t h e i r  p aper  chrom atographic  m o b i l i t i e s  in  d i f f e r e n t  
s o lv e n ts  and by  measurements o f  th e  r e t e n t i o n  tim es o f  t h e i r  sugar and 
a l d i t o l  TMS d e r i v a t i v e s .  Glucose and g a la c to s e  were confirm ed as  th e  
D -sugars  by th e  a p p ro p r ia te  ox idase  sp ra y .  Fucose, x y lo se  and 
g a la c to s e  a re  norm ally  found in  fucans  from brown seaweeds, but 
mannose i s  not and i t  was th e r e f o r e  dec ided  to  s e p a ra te  and c h a r a c t e r i s e  
th e  mannose ( e x p t .  ? ) •  However t h i s  proved more d i f f i c u l t  th a n  
a n t i c i p a t e d .  A h y d ro ly s a te  o f  th e  w hite  powder was su b je c te d  to  
io n o p h o re s is  and th e  m a te r ia l  rem ain ing  on th e  s t a r t i n g  l i n e  was 
s e p a ra te d  by p aper  chromatography and th e  mannose spo t e lu t e d .  However 
t h i s  f r a c t i o n  f a i l e d  to  g ive  a c r y s t a l l i n e  phenylhydrazone. When 
r e s u b je c te d  to  io n o p h o re s is  th e  mannose f r a c t i o n  was found to  be 
con tam inated  w ith  u ro n ic  a c id ,  which presum ably was o r i g i n a l l y  p re s e n t  as  
an  e q u i l ib r iu m  m ix ture  o f  th e  f r e e  a c id  and la c to n e  and th e  l a t t e r  had 
remained on th e  s t a r t i n g  l i n e  o f  th e  chromatogram w ith  th e  n e u t r a l  
sugars  d u r in g  th e  i n i t i a l  io n o p h o re s is .  A f te r  s e p a r a t in g  th e  " a p p a re n t ly "  
pure  mannose from co n tam ina ting  a c id  by development o f  a  paper  in  a  b a s ic  
s o l v e n t , th e  d e r iv e d  mannose gave a c r y s t a l l i n e  hydrazone w ith  a 
m e lt in g  p o in t  and mixed m e lt in g  p o in t  w ith  a u th e n t i c  D-mannose phenyl— 
hydrazone, o f  188°. The pure  mannose was a l s o  found to  have th e  same 
m o b i l i ty  as  a  mannose c o n t ro l  when s u b je c te d  to  io n o p h o re s is  i n  b o ra te  
b u f f e r .
The p r e se n c e  o f  g lu c u r o n ic  a c id  in  t h i s  e x tr a c t  was co n firm ed  b y  i t s  
pap er ch rom atograp h ic  and io n o p h o r e t ic  m o b i l i t y .
I n d ic a t io n s  o f  th e  p r e se n c e  o f  sm a ll am ounts o f  m annuronic a c id  was 
a l s o  found in  t h i s  e x t r a c t .
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F r a c t io n a t io n  o f  th e  p o ly sac c h a r id e s
The re c o v e r ie s  a f t e r  f r a c t i o n a t i n g  p a r t  o f  th e  w h ite  s o l i d  
(430 mg) from th e  aqo.eous e x t r a c t  on a  c e l l u lo s e  column ( e x p t . 8) 
and th e  com position  o f  th e  d i f f e r e n t  f r a c t i o n s  ( e x p t ,  9) a re  shown 
in  t a b l e  19*
F r a c t io n Recovery % Carbohydrat e Content %
Uronic a c id  
Content %
S ulphate  
Content %
Aqueous 2 .5 85^)
0.1M KCl 12-5 83%) 14.8 3
0.2M KCl 41 70^) 22.5 3
3.3M KCl 18 87^) 17.1 7 .5
0.5M KCl 11 71°) 3 .6 20
1 .01  KCl 0
■b)
Table 19 
Compared to  a  g lucose  graph
Compared to  a  graph based  on th e  carbohydra te  com position  o f  th e  
0.2M KCl f r a c t i o n  (see  l a t e r )
Compared to  a  graph based  on th e  carbohydra te  com position  o f  th e  
0.5M KCl f r a c t i o n  (see  l a t e r ) .
The o v e r a l l  p e rcen tag e  reco v e ry  was found to  be about 85% by weight 
and th e  carbohydra te  re c o v e ry  in  t h i s  experiment was about 90% » 
Subsequent s e p a ra t io n s  o f  t h i s  e x t r a c t  gave about 100% carbohydra te  
re c o v e ry .
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Apart from th e  u ro n ic  a c id  co n ten t  o f  th e  0.1M KCl f r a c t i o n  i t  
can he seen  from t h i s  t a b l e  t h a t  in c re a s in g  c o n c e n t ra t io n  o f  
po tass ium  c h lo r id e  g iv es  f r a c t i o n s  w ith  l e s s  u ro n ic  a c id  and more 
s u lp h a t e .  There i s  no obvious e x p la n a t io n  f o r  th e  f a c t  t h a t  th e  
0.1M KCl f r a c t i o n  i s  found to  have lower u ro n ic  a c id  co n ten t  th a n  
th e  next two f r a c t i o n s .
Hie aqueous f r a c t i o n
A f te r  d i a l y s i s  and f r e e z e - d r y in g  a  sm all amount (lO mg) o f  a  
syrupy  w hite  s o l i d  was o b ta in e d .  On h y d ro ly s is  g lu co se  and a t r a c e  
o f  a  non -red u c in g  su g a r  w ith  th e  m o b i l i ty  o f  m annito l were found .
This in d ic a te s  th e  p resen ce  o f  lam inaran  and i t  a l s o  i n d i c a t e s  th e  
p resen ce  o f  m annito l te rm in a te d  cha ins  in  th e  lam in a ran .  I t  was 
d i f f i c u l t  t o  d e te c t  w ith  c e r t a i n t y  th e  m annito l i n  th e  p resen ce  o f  
th e  l a r g e  ex cess  o f  g lu c o se .  A ll  th e  m a te r ia l  was t h e r e f o r e  
hy d ro ly sed  and th e  h y d ro ly sa te  was t r e a t e d  w ith  g lucose  o x id a se - to  
convert th e  g lucose  in to  g lu co n ic  a c i d .  Paper chromatograms o f  th e  
d e r iv e d  s o lu t io n  were compared w ith  th e  chromatograms from a  m ix tu re  
o f  g lu co se :m an n ito l  25:1 which had a l s o  been t r e a t e d  w ith  g lucose  
o x id a se .  The two m ix tu res  gave i d e n t i c a l  chromatograms con firm ing  th e  
p resen ce  o f  m annito l end groups in  th e  lam in a ran . The o v e r a l l  y i e ld  
o f  lam inaran  found in  t h i s  f r a c t i o n  corresponds to  o n ly  0.08% o f  th e  
d ry  weight o f  th e  weed whereas th e  lam inaran  con ten t in  D. a c u le a ta  
was found to  be between 1 .8  and 5*6% depending on th e  season  o f  
h a r v e s t in g .
The potass ium  c h lo r id e  f r a c t i o n s
As shown in  t a b l e  19 th e  0.2M KCl f r a c t i o n  had th e  h ig h e s t  u ro n ic  
a o id  and low est s u lp h a te  con ten t w h ile  th e  o p p o s i te  i s  t r u e  f o r  th e
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0.51VI KCl f r a c t i o n .  The d e te rm in a t io n  o f  th e  p ro p o r t io n s  o f  th e  
sugars  p re s e n t  was th e r e f o r e  c a r r i e d  out on th e s e  two f r a c t i o n s  hy 
means o f  p aper  chromatography in  d i f f e r e n t  s o lv e n ts  ( e x p t .  9)* The 
a p p ro p r ia te  s t r i p s  o f  th e  chromatograms were e lu te d  and th e  q u a n t i ty  
o f  th e  p a r t i c u l a r  sugar  de term ined  hy th e  phenol s u lp h u r ic  a c id  
method. The fo l lo w in g  r e s u l t s  were found f o r  th e  two f r a c t i o n s
0 .2 m KCl F r a c t io n  
fu c o s e :g a la c to s e :m a n n o s e :x y lo s e :g lu c .a c id  = 1 5 :1 .5 :0 .4 :1 :1 1
0.5M KCl F r a c t io n  
fu c o s e :g a la c to s e :m a n n o s e :x y lo s e :g lu c .a c id  = 9 * 7 : 2 .7 : 1 .4 : 1 : t r a c e
The sm all amount o f  g lu c u ro n ic  a c id  p re s e n t  in  th e  0.5M KCl f r a c t i o n  
was n e g le c te d  when c a l c u l a t i n g  th e  p r o p o r t io n s .  G lucuronic  a c id  
g iv e s  a  weak co lo u r  r e a c t i o n  w ith  th e  phenol s u lp h u r ic  a c id  re a g en t  
th e re b y  making t h i s  a  somewhat l e s s  a c c u ra te  method f o r  u ro n ic  a c id  
d e te rm in a t io n .  This p ro b ab ly  e x p la in s  th e  h ig h  p ro p o r t io n
o f  g lu c u ro n ic  a c id  o f  th e  0.2M KCl f r a c t i o n  measured by  phenol 
s u lp h u r ic  a c id  compared w ith  th e  va lu e  found by th e  ca rb azo le  method 
( t a b l e  19) .
numerous a t te m p ts  were made t o  m e th y la te  th e  v a r io u s  f r a c t i o n s  by  th e  
Hakomori method bu t w ithout s u c c e s s .  This may be due to  d i f f i c u l t i e s  
in  s o l u b i l i s i n g  th e  p o ly sa c c h a r id e s  i n  DMSO. Many a t te m p ts  were a lso  
made to  d e su lp h a te  th e s e  p o ly sa c c h a r id e s  by m ethano lic  hydrogen 
c h lo r id e  bu t as w ith  o th e r  " fu c an s"  i t  was found t h a t  t h i s  hyd ro lyse  
th e  g ly c o s id ic  l in k a g e s  f a s t e r  th a n  th e  su lp h a te  groups in  th e s e  
p o ly s a c c h a r id e s .  U n fo r tu n a te ly  tim e was n o t a v a i l a b l e  t o  reduce th e  
u ro n ic  a c id  u n i t s  as  the. carbod iim ide  complex to  g lu co se ,  a p ro cess  
which might re n d e r  th e  0.2M KCl f r a c t i o n  more s o lu b le  i n  DMSO.
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The a c id i c  e x tr a c t
A f te r  d i a l y s i s  and f r e e z e - d r y in g  a w h ite  s o l i d  (2.7% o f  th e  dry  
w e ig h t)  was o b ta in e d . T h is s o l i d  was found t o  have a  carb oh yd ra te  
c o n te n t  o f  72% (com pared t o  th e  graph f o r  th e  0.2M KCl f r a c t io n  in  
t a b le  19) » an u r o n ic  a c id  c o n te n t  o f  18. 2% and a s u lp h a te  c o n ten t  
o f  2%. A h y d r o ly s a te  showed t h e  p r e se n c e  o f  f u c o s e ,  g a la c t o s e ,  
x y lo s e ,  mannose and g lu c u r o n ic  a c id  to g e t h e r  w ith  sm a ll am ounts o f  
m annuronic a c id .
On f r a c t io n a t i n g  an a l iq u o t  on a c e l l u l o s e  column th e  same e lu t i o n  
p a t te r n  was o b ta in e d  a s  f o r  th e  aqueous e x t r a c t ,  e x c ep t th a t  th e  w a ter  
e lu a t e  was d e v o id  o f  c a r b o h y d r a te .
The a lk a l in e  e x tr a c t
The e th an o l s o lu b le  g re e n ish  s o l i d  (l% of th e  d ry  w eight) ( e x p t .  4) 
was found to  c o n ta in  4 i5 - 'u n sa tu ra te d  a c id s ,  th e re b y  in d i c a t in g  th e  
p re sen ce  o f  degraded a l g i n i c  a c id .  I t s  carbohydra te  con ten t was o n ly
3% and i t  was t h e r e f o r e  d is c a rd e d .  The fucan  (0.6% o f  th e  d ry  weight)
s e p a ra te d  from th e  a l g i n i c  a c id  ( e x p t .  4) was found to  have a  carbo­
h y d ra te  con ten t o f  74% (compared to  th e  graph f o r  th e  O .5M KCl f r a c t i o n  
in  t a b l e  19 and p . 139 )» ^  u ro n ic  a c id  con ten t o f  10% and a su lp h a te  
co n ten t  o f  9%* I t  was found to  c o n ta in  fu co se ,  mannose, g a la c to s e ,  
x y lo se  and g lu c u ro n ic  a c id  and gave th e  same e lu t i o n  p a t t e r n  from th e  
c e l l u lo s e  column as  f o r  th e  " fu can s"  from th e  aqueous and a c id  e x t r a c t s  
(see  t a b l e  I 9) .
To o b ta in  a  l e a s t  degraded a l g i n i c  a c id  a  f r e s h  sample o f  th e  a lg a  
was e x t r a c te d  as  o u t l in e d  in  experiment I 6 and flow  c h a r t  IV (see  a l s o  
th e  nex t s e c t i o n ) . Three " fu can s"  ( a ) , (b) and ( c )  were s e p a ra te d  and 
found to  c o n ta in  th e  same sugars  as  th e  above fucan  and in  a d d i t io n  
"fucan"  ( a )  co n ta in ed  g lu c o se .
141
The c a rb o h y d ra te ,  s u lp h a te  and u ro n ic  a c id  con ten t o f  th e s e  t h r e e  
e x t r a c t s  a re  shown in  t a b l e  20.
E x tr a c t Carbohydrat e C ontent % *
U ron ic  a c id  
C ontent %
S u lp h at e 
C ontent %
A 36 4 .8 13.5
B 65 7.1 11
C 54 4 .2 9
Compared to  th e  graph f o r  th e  0.5M KCl f r a c t i o n  in  
t a b l e  19*
Table 20
I t  i s  c l e a r  from a l l  th e s e  r e s u l t s  t h a t  l i g u l a t a  m e ta b o l ise s  
a  fa m ily  o f  p o ly d is p e r se  " fu c an s"  w ith  v a ry in g  p ro p o r t io n s  o f  th e  
d i f f e r e n t  s u g a r s ,  g lu c u ro n ic  a c id  and h a l f  e s t e r  s u lp h a te .
A lg in ic  a c id
F re e z e -d ry in g  o f  th e  calc ium  a l g i n a t e  o b ta in e d  from t h i s  e x t r a c t  
( e x p t .  4) gave a  fawn powder [9*3g calcium  a l g i n a t e ,  13.9% o f  th e  d ry  
weight (as a l g i n i c  a c i d ) ] .
The calc ium  a l g i n a t e  was co n v er ted  in to  sodium a l g i n a t e  by way o f  
th e  f r e e  a c id  ( e x p t .  14). Paper chromatograms o f  a  h y d ro ly s a te  o f  th e  
sodium a lg in a t e  showed th e  p resen ce  o f  u ro n ic  a c id s  as  w ell as 
l a c t o n e s .  Io n o p h o res is  o f  th e  h y d ro ly s a te  in  a  b o ra te  b u f f e r  
c o n ta in in g  calc ium  ions  confirm ed th e  p resence  o f  b o th  mannuronic and 
g u lu ro n ic  a c id s  ( e x p t .  15)* Io n ophores is  o f  h y d ro ly sa te s  from o th e r  
sodium a lg i n a t e  samples gave th e  same sp o ts  a s  th o se  o b ta in e d  f o r  th e  
p re s e n t  sample, but th e  g u lu ro n ic  a c id  spo t seemed to  be more 
predominant in  th e  l a t t e r .
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The v i s c o s i t y  o f  a  1^ aqueous s o lu t i o n  o f  th e  sodium a lg in a t e
was found to  be 1.7  a t  25°C# This v e ry  low va lu e  i n d ic a te s  t h a t
th e  a l g i n i c  a c id  i s  c o n s id e ra b ly  degraded . The in d ic a t i o n  o f  a  h igh
g u lu ro n ic  a c id  co n ten t  su p p o rts  t h i s  s in c e  th e  mannuronic a c id
re s id u e s  a r e  more r e a d i l y  hy d ro ly sed  i^y a c id .  To confirm  t h i s  i t
was decided  to  de term ine  th e  mannuronic to  g u lu ro n ic  (m/ g) a c id  r a t i o s .
11To e s t im a te  t h i s  r a t i o  a  method o f s e q u e n t ia l  h y d ro ly s is  was used
(e x p t .  l8) and th e  amount o f  th e  u ro n ic  a c id s  p re s e n t  were determ ined
by th e  ca rb azo le  method though i t  i s  re c o g n ise d  t h a t  t h i s  method
a p p a r e n t ly  o v e re s t im a te s  th e  g u lu ro n ic  a c id .  An o v e re s t im a t io n  o f
th e  g u lu ro n ic  a c id  o f  between 8 and 15^  has been r e p o r te d  f o r  fo u r
12a l g i n i c  a c id  samples . Gonsiderabe d i f f i c u l t i e s  were exper ienced  
in  s ta n d a r d i s in g  th e  method and i t  was not u n t i l  a  sample o f  pure  
g u lu ro n ic  a c id  was r e c e iv e d  from Dr P . B ro th e r to n  (A lg in a te  I n d u s t r i e s )  
t h a t  s a t i s f a c t o r y  r e s u l t s  were o b ta in ed .
The r e c o v e r ie s  o b ta in e d  from th e  d i f f e r e n t  h y d ro ly se s  a r e  shown in  
t a b l e  21.
F la sk Number o f  h y d ro ly s is
So lub le  
m a te r ia l  ^  ?
in so lu b le  
n a t e r i a l  ^
O v era l l  
re c o v e ry  ^
1 1 12.4 78 . 5 (97) 90 .9
2 1 12.2 ( 74 . 4;
2 • 6 .1 (16.2] 70.7  ( 99) 89
3 1
2
3
12.1 ( 75 . 7)
5 .2  (77.8) 
4 .6  (87 . 5) 65.1  ( 100) 87
Table 21
The numbers in  th e  p a r e n th e s i s  a re  th e  p e rcen tag es  o f  g u lu ro n ic  a c id  
found in  th e  r e s p e c t iv e  s o lu t io n s  o r  s o l i d s .
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These r e s u l t s  g ive  a  m/G  r a t i o  o f  0 .0 6  o r  a  g u lu ro n ic  a c id  
co n ten t  o f  about 94^ and even t a k in g  in to  account th e  o v e re s t im a t io n  
o f  g u lu ro n ic  a c id  th e  amount o f  g u lu ro n ic  a c id  i n  t h i s  a l g i n i c  a c id  
i s  u n u s u a l ly  h igh  and supports th e  view from th e  o th e r  r e s u l t s  t h a t  
a  l a r g e  p ro p o r t io n  o f  th e  mannuronic a c id  u n i t s  have been hyd ro lysed  
when th e  a lg a  was in  co n tac t  w ith  i t s  own f r e e  s u lp h u r ic  a c id  and 
w ith  added a c id  d u r in g  th e  e x t r a c t i o n s .
In  an  a t tem p t to  r e c t i f y  t h i s  th e  a l g i n i c  a c id  was e x t r a c te d  
from th e  a lg a  d i r e c t l y  a f t e r  n e u t r a l i s a t i o n  o f  th e  f r e e  s u lp h u r ic  
a c id  p re s e n t  in  th e  weed. The d e t a i l s  and y ie ld s  o f  t h i s  e x t r a c t i o n  
a re  g iven  in  experim ent 16 and flow c h a r t  IV. Two samples o f  
calcium  a lg i n a t e  (B and C r e s p e c t iv e ly )  were i s o l a t e d .
A combined o v e r a l l  y i e l d  o f  16.4^ o f  a l g i n i c  a c id  was o b ta in e d  
compared w ith  13*9^ from th e  p rev io u s  e x t r a c t i o n .  1^ sodium a lg in a t e  
s o lu t io n s  o f  th e  two a l g i n i c  a c id  (B and C) f r a c t i o n s  were found to  
have th e  fo l lo w in g  v i s c o s i t i e s  a t  29°
a l g i n i c  a c id  from e x t r a c t  B (b) = 300
a l g i n i c  a c id  from e x t r a c t  0 ( c )  = 1 5 0
Tlie mannuronic to  g u lu ro n ic  a c id  r a t i o  f o r  a l g i n i c  a c id s  (b) and 
( c )  were e s t im a te d  as p re v io u s ly  d e sc r ib e d  ( e x p t .  18) and th e  r e s u l t s  
a re  shown in  t a b l e  22.
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A lg in ic
a c id F la sk
Number o f  
h y d ro ly s is
So lub le  
m a te r ia l  ^
In s o lu b le  
m a te r ia l  %
O verall  
re co v ery  ^
1 1 2 6 .4  (69 . 5) 60.6  (67 . 1) 91
2 1 26.5  ( 66 . 7)
2 9 .0  ( 66 . 1) 54.5  (67 . 8) 90
B
3 1 26.1  ( 70 . 3)
2 8 .7  (68.1)
3 7.5  (44 . 3) 47 .3  ( 71 . 4) 89.6
1 1 21 .8  (68.8)
C 2 8 .5  ( 68 . 2)
3 8 .3  (57.7) 5 0 .8  ( 76 . 1) 89.4
Table 22
The numbers in  th e  p a r e n th e s i s  a r e  th e  p e rcen tag es  o f  g u lu ro n ic  a c id  
found in  th e  r e s p e c t iv e  s o lu t io n s  o r  s o l i d s .
These r e s u l t s  g ive  a  M/G r a t i o  o f  0 .4 7  f o r  a l g i n i c  a c id  (b) 
and a  m/g r a t i o  o f  O .4O f o r  a l g i n i c  a c id  ( c ) . This means a  g u lu ro n ic  
a c id  co n ten t  o f  67 and 71^ r e s p e c t i v e l y .  These r e s u l t s  show t h a t  
t h i s  second method o f  e x t r a c t i o n  degrades th e  a l g i n i c  a c id  to  a  
c o n s id e ra b ly  l e s s  e x ten t  th a n  th e  f i r s t  e x t r a c t i o n  p ro c e d u re .
By comparing th e  r e s u l t s  from t a b l e s  21 and 22 th e  fo l lo w in g  
co n c lu s io n s  can be drawn.
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The a l g i n i c  a c id  w ith  th e  low est v i s c o s i t y  ( t a b le  2 l)  i s  more 
r e s i s t a n t  t o  a c id  h y d ro ly s is  th a n  th e  o th e r  two a c id s  th u s  su p p o r t in g  
th e  e a r l i e r  conc lus ions  t h a t  th e  more e a s i l y  h y d ro ly sa b le  p a r t s  o f  
th e  molecule have a l r e a d y  been  removed d u r in g  th e  exhaus tive  
e x t r a c t i o n s .  As would be expected  th e  l a r g e s t  p ro p o r t io n  o f  
h y d ro lysed  m a te r ia l  i s  found in  th e  f i r s t  h y d ro ly s a te  f o r  a l l  t h e  
samples o f  a l g i n i c  a c id .  As th e  low est g u lu ro n ic  a c id  con ten t i s  
found in  th e  l e a s t  degraded a l g i n i c  a c id  (b) t h i s  su p p o rts  th e  view 
t h a t  th e  mannuronic a c id  reg io n s  in  th e  m olecule a r e  more e a s i l y  
h y d ro ly sed  th a n  th e  g u lu ro n ic  a c id  r e g io n s .  A re a so n  f o r  t h i s  
might be th e  p resence  o f  th e  complexes formed between th e  g u lu ro n ic  
a c id  b locks  and calcium  io n s .  I t  i s  d i f f i c u l t  t o  say  i f  th e  f r e e  
s u lp h u r ic  a c id  p re s e n t  in  th e  a lg a  degrades th e  a l g i n i c  a c id  d u r in g  
th e  e th an o l  t r e a t m e n t . I f  i t  does t h i s  complex might a g a in  make th e  
g u lu ro n ic  a c id  b locks  more r e s i s t a n t  to  h y d r o ly s i s .
Even t a k in g  in to  account th e  p robab le  o v e re s t im a t io n  o f  
g u lu ro n ic  a c id  th e s e  r e s u l t s  in d i c a t e  a  g u lu ro n ic  a c id  co n ten t  o f  
more th a n  50^  in  th e  a l g i n i c  a c id  from t h i s  a lg a .
The re s id u e
The re s id u e  a f t e r  th e  e x t r a c t i o n s  d e sc r ib e d  in  flow  c h a r t  IV 
( th e  5*0 g sample) was found to  c o n ta in  27*5^ p r o t e i n .  A p o r t i o n  
o f  th e  r e s id u e  was hyd ro lysed  by 72^  s u lp h u r ic  a c id  ( e x p t .  20) a t  
room te m p e ra tu re .  Paper chrome .tograms o f  th e  h y d ro ly s a te  gave on ly  
sp o ts  w ith  th e  m o b i l i t i e s  o f  g lucose  and u ro n ic  a c id .  The p resence  
o f  g lucose  was confirm ed by g lucose  ox idase  and th e  amount o f  u ro n ic  
a c id  i n  th e  h y d ro ly sa te  was e s t im a te d  to  be about 11^. H ydro lys is  a t  
h ig h e r  tem p era tu re  w ith  a c id  reduced th e  amount o f  u ro n ic  a c id  to  1 .3 ^ .
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I t  seems p robab le  t h a t  even th e  room tem p e ra tu re  h y d ro ly s is  o f  t h i s  
re s id u e  degrades th e  u ro n ic  a c id  p re s e n t  and t h a t  th e  a c tu a l  amount 
o f  u ro n ic  a c id  p re s e n t  i s  h ig h e r  th a n  11^.
The r e s id u e  was s t a i n e d  w ith  H erzberg’ s s t a i n  and th e  r e s u l t i n g  
red/brow n co lo u r  in d ic a te d  th e  p resen ce  o f  c e l l u lo s e  as  does th e  
g lucose  found in  th e  h y d ro ly s a te ,
A comparison o f  th e s e  r e s u l t s  w ith  th o se  from o th e r  brown a lg ae  
w i l l  be made a t  th e  end o f  th e  r e s u l t s  on D esm arestia  f i rm a .
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D esm arestia  Firma
The a lg a  was f r e e z e - d r i e d  im m ediate ly  a f t e r  removal from seaw ate r .  
Due to  la c k  o f  tim e a thorough  in v e s t i g a t i o n  o f  t h i s  a lg a  could  
not be perform ed and th e  p re s e n t  i n v e s t ig a t i o n s  can t h e r e f o r e  on ly  be 
rega rded  as  p re l im in a ry  ones.
The weighed a lg a  (50.0  g) was e x t r a c te d  as  d e sc r ib e d  in  flow  
c h a r t  V and i n  th e  fo l lo w in g  ex p er im en t.
Experiment 1 E x t r a c t io n  o f  th e  a lg a
I t  was n e c e s sa ry  to  add a few drops o f  t r i e th y la m in e  to  keep th e  
pH a t  about 7 .0  d u r in g  th e  e x t r a c t i o n .  ,The carbohydra te  co n ten t  o f  
th e  combined e th an o l e x t r a c t s  was determ ined  b e fo re  th e  e x t r a c t  was 
ta k en  down to  sm all volume and th e  m annito l p r e c i p i t a t e d  by s ix  
su c c e ss iv e  a d d i t io n s  o f  e th a n o l .
The subsequent e x t r a c t s  were s e p a ra te d  from th e  r e s id u e  by 
c e n t r i f u g a t io n  and t e s t e d  f o r  c a rb o h y d ra te .
I n v e s t i g a t io n  o f  th e  e x t r a c t s
Experiment 2 E s t im a tio n  o f  f r e e  s u lp h u r ic  a c id  in  th e  a lg a
The e th an o l s o lu t i o n  c o n ta in in g  th e  n e u t r a l i s e d  s u lp h u r ic  a c id  was 
a c i d i f i e d  s l i g h t l y  w ith  1M HNO^  and th e  su lp h a te  p r e c i p i t a t e d  as  barium 
su lp h a te  by a d d i t io n  o f  a barium c h lo r id e  s o lu t io n .
The s o l i d  p r e c i p i t a t i n g  d u r in g  th e  o r ig i n a l  n e u t r a l i s a t i o n  was 
d is s o lv e d  in  w a te r ,  th e  s o lu t io n  made s l i g h t l y  a c id  by 1M HNO^  and th e  
su lp h a te  p r e c i p i t a t e d  as  barium su lp h a te  by a d d i t io n  o f  a barium c h lo r id e  
s o lu t i o n .
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Flow  Chart V E x tr a c t io n  p roced u re  f o r  D e sm a restia  firm a
Dry weight o f  a lg a  50g
N e u t r a l i s i n g  th e  s u lp h u r ic  a c id  w ith  5OO ml 80^ e th an o l 
in c lu d in g  4^  t r i e th y la m in e  a t  25°, pH 7.0
Powdered under l i q u i d  n i t r o g e n
V
E x tra c te d  w ith  300 ml 80^ e thano l 4%, 70°, 4h
Combined e th an o l e x t r a c t s  carbohydra te  co n ten t  0 «9g
M annitol 2 .7 g
Immersed o v e rn ig h t  in  ca .  35^ form aldehyde, d r ’ ed 43g
V
E x t ra c te d  w ith  300 ml aqueous 2% CaCl_, 2x, 25°, 4h, pH 5 .O
3x, 70 , 4h, pH 5 .0
D ia lysed  and f r e e z e - d r i e d  to  a  w hite  s o l i d  1 .60g
E x t ra c te d  w ith  300 ml d i l u t e  HCl, pH = 2.0 4x, 70 , 4h
D ia lysed  and f r e e z e - d r i e d  0 . 70g
Residue
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The combined barium su lp h a te  s o l i d  was washed w ith  w ater  and th e  
weight o f  barium su lp h a te  determ ined  (T.Og) a f t e r  h e a t in g  th e  s o l i d  i n  
an i ro n  c r u c ib le .
Experiment 3 I n v e s t i g a t io n  o f  th e  e thano l e x t r a c t
The r e s id u a l  syrup a f t e r  removal o f  m annito l was i n v e s t ig a te d  by 
paper  chromatography [ g.VT I I I  ( i )  (a and b) , IV ( i ,  i i ,  i i i ,  i v  and v i)  ] 
and s e p a ra te d  by 3MM paper developed in  so lv en t  ( a ) .  The d i f f e r e n t  
s t r i p s  were e lu te d  and th e  s low est moving broad  band hydro ly sed  
[GM I I  ( i ) ]  and in v e s t ig a te d  by  paper chromatography gm I I I  ( i )
(a and b ) , IV  ( i ,  i i ,  i v  and v i ) ] ,  io n o p h o re s is  [  GM I I I  ( i i )  (b and c ) ] 
and by g . l . c .  as  th e  sugar a l d i t o l  a c e t a t e s  [GM V A ( i i ) ,  B ( i v ) ] .
The aqueous e x t r a c t
Experiment 4 * An a l iq u o t  ( l5  mg) o f  th e  w hite  s o l i d  o b ta in ed  from 
th e  aqueous e x t r a c t  was hyd ro lysed  [ gM I I  ( i ) ]  and th e  h y d ro ly sa te  
an a ly sed  by p aper  chromatography [ gM I I I  ( i )  (a and b ) , IV ( i ,  i i ,  iv ,
V and v i)  ]  and e le c t r o p h o r e s i s  [(M I I I  ( i i )  ( b ) ] .  The carbohydra te  
[GM VI ( i ) ] ,  u ro n ic  a c id  [GM VI ( i i )  ( c ) ]  and su lp h a te  co n ten ts  
[■GM VI ( i i i ) ]  o f  th e  s o l i d  were e s t im a te d .
Experiment 5 F r a c t i o n a t io n  o f  th e  aqueous e x t r a c t
P a r t  o f  th e  s o l i d  (48O mg) was d is so lv e d  in  w a ter  (40 ml) and 
la y e re d  on to p  o f  a  c e l l u lo s e  column [GM VII ( x i ) ] .  The column was 
s e q u e n t i a l l y  e lu te d  w ith  about 600 ml o f  w a te r ,  0.3MKC1, O .5MKCI and
1 .OM KOI and d ia ly s e d  and f r e e z e  d r ie d  (see  t a b l e  23 ) .
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Experiment 6 I n v e s t ig a t io n s  o f  th e  d i f f e r e n t  f r a c t i o n s  from th e  column 
The carbohydrate [gM VI (i)], uronic acid [GM VI (ii) (c)] and 
sulphate contents [GM VI (iii)] of the different fractions were 
estimated.
An aliquot of each fraction (ca. 10 mg) was hydrolysed 
[GM I I  (i)] and half of the hydrolysate analysed by paper chromatography 
[qM I I I  (i) (a and b) , IV (i, ii, iv and v)]. The other half 
of the hydrolysate was reduced [GM VII (v)], converted into the 
alditol acetates [gM VII (vii)] and analysed by g.l.c. [GM V A (ii),
B (v)].
Experiment 7 Carbodiimide reduction of the uronic acid in the
0.3M KGl fraction 
A sample of this solid (75 mg) was dissolved in water (lOO ml) 
and the acid reduced [CM VII (x)]. The uronic acid content of the 
recovered material (91^ was estimated [GM VI (ii) (c)].
Experiment 8 Méthylation of the reduced 0.3M KCl sample
An aliquot (21 mg) of the reduced 0.3M KCl sample (expt. 7) was 
methylated once by the Hakomori method [OM VII (viii)]. The product 
was hydrolysed [gM II (i)], reduced [GM VII (v)], converted into the 
alditol acetates [GM VII (vii)] and analysed by g.l.c. and g.l.c. - m.s. 
[GM V A (ii) , B (iv) , C (ii)].
The a c id  e x t r a c t
Experiment 9. The acid extract was analysed as described in expt. 4*
Experiment 10. F r a c t io n a t io n  o f  th e  a c id  e x t r a c t
Part of the solid (555 mg) was dissolved in water (4O ml) and 
fractioned as described in expt. 5*
151
Experiment 11 In v e s t ig a t io n s  o f  th e  d i f f e r e n t  f r a c t i o n s  from th e  column 
The d i f f e r e n t  f r a c t i o n s  from th e  column were i n v e s t ig a te d  as  
d e sc r ib e d  in  e x p t .  6.
Experiment 12 F r a c t io n a t io n  o f  th e  0.3M KCl f r a c t i o n  by E ehling*s 
s o lu t io n
An a l iq u o t  (75 mg) o f  th e  0.3M KCl f r a c t i o n  was d is so lv e d  in  5^
NaOH (50 ml) and t r e a t e d  w ith  F e h l in g ’s s o lu t io n  as  d e sc r ib e d  in  
e x p t . 20 on page 91 •
R e su l ts  and d is c u s s io n  
The e thano l e x t r a c t
From th e  combined e th an o l e x t r a c t s  2 .9  g f r e e  s u lp h u r ic  a c id  
( 5 . 8^  d ry  w eight) and 2 .7  g (5*4^ o f  th e  d ry  weight) o f  c r y s t a l l i n e  
m ann ito l  was s e p a ra te d .  S e p a ra t io n  o f  th e  rem ain ing  syrupy l i q u i d  
by p ap e r  chromatography showed th e  p resence  o f  m an n ito l ,  D -glucose 
(as  confirmed by g lucose  o x id a s e ) , monouronic a c id  and la c to n e  (w ith  
th e  same p . c .  and io n o p h o re t ic  m o b i l i t i e s  as  mannuronic ac id )  and a 
b road  band w ith  Between 0 . 1 6 and O.4 6 . On h y d ro ly s is  t h i s
band was found to  c o n ta in  m annito l and x y lose  (major) as  w ell as 
g lucose  and g a la c to s e  (m in o r) . The broad  band gave a weak y e l lo w is h /  
brown co lo u r  w ith  a n i l i n e  o x a la te  sp ray  th e re b y  in d i c a t in g  hexose 
red u c in g  end g roups. By comparison w ith  D. l i g u l a t a  (page135) i t  i s  
re a so n a b le  to  assume t h a t  some o f  th e  x y lose  u n i t s  a r e  l in k e d  to  
g a la c to s e  end groups and th e  la r g e  amount o f  x y lose  p re s e n t  in d ic a te s
more th a n  one xy lose  u n i t  to  each g a la c to s e  r e s id u e .
Furtherm ore  i t  i s  p robab le  t h a t  th e  g lucose  i s  l in k e d  to  
m annito l e i t h e r  as 1- 0 -D -m ann ito l-p -D -g lucopyranoside  o r  as
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^ ^ -0 -D-m annito1 d i-(p -D -g lu co p y ran o s id e )  as  th e se  compounds have
5
been found in  a  number o f  brown a lg ae  • The p resence  o f  x y lose  
l in k e d  to  m annito l can not be ru le d  out and f u r t h e r  s tu d ie s  o f  t h i s  
e x t r a c t  a re  r e q u i re d  in  o rd e r  to  draw any c e r t a i n  con c lu s io n s  about 
th e  sugars  and l in k a g e s  o f  th e  o l ig o s a c c h a r id e s  p r e s e n t .
Sedoheptulose and k e to se  sp rays  bo th  gave n eg a t iv e  r e s u l t s  
th e re b y  in d i c a t in g  th e  absence o f  th e s e  ty p es  o f  compounds in  t h i s  
e x t r a c t .
The aqueous e x t r a c t
The w hite  s o l i d  (3 .2 ^  o f  th e  d ry  weight) was found to  have a 
carbohydra te  con ten t o f  8Sfo (g lucose  graph) , a  u ro n ic  a c id  con ten t 
o f  9% and a su lp h a te  con ten t o f  2^ .
I n v e s t ig a t io n s  o f  a  h y d ro ly s a te  by paper chromatography and 
io n o p h o res is  in d ic a te ,  t h e  p resen ce  o f  g lucose  (m ajo r) ,  g a la c to s e ,  
fu co se ,  x y lo se ,  g lu c u ro n ic  a c id  and sm all amounts o f  a l g i n i c  a c id  i n  
t h i s  e x t r a c t .
F r a c t i o n a t io n  o f  th e  s o l i d  on a  c e l l u lo s e  column (e x p t .  5) gave 
th e  re c o v e r ie s  shown in  t a b l e  23. The com position  o f  th e  d i f f e r e n t  
f r a c t i o n s  i s  a l s o  g iven  in  t h i s  t a b l e .
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F r a c t io n R ecoverymg
Carbohydrat e 
C ontent ^
^Sulphat e 
C ontent^
U ron ic  a c id ^  
C ontent ^
Aqueous 120 92 - 1
0.3M KCl 292 83 1.5 9
0.5M KCl 34 69 11 13
1.OM KCl
446
compared to  g lucose  graph 
^ compared to  g lu c u ro n ic  a c id  graph
Table 23
The o v e r a l l  ca rbohydra te  reco v e ry  was found to  be 91^»
The aqueous f r a c t i o n
From a  h y d ro ly sa te  o f  t h i s  f r a c t i o n  o n ly  g lucose  w ith  t r a c e s
o f  a l g i n i c  a c id  could  be d e te c te d ,  th e re b y  i n d i c a t i n g  th e  p resence
o f  lam inaran  in  t h i s  a lg a .  No t r a c e  o f  m annito l could  be founc^
th e r e f o r e  i t  appears  u n l ik e ly  t h a t  t h i s  lam inaran  c o n ta in s  m annito l
end g roups . In  an a ttem pt to  make su re  t h a t  no m annito l end groups
were p re s e n t  a  sample o f  th e  lam inaran  was an a ly sed  by a  DEAE-
13c e l lu lo se -m o ly b d a te  column ,. This column s e p a ra te s  m olecules w ith  
m annito l end groups from th o se  w ith  g lucose  end groups and as no 
s e p a r a t io n  was o b ta in e d  i t  can be deduced t h a t  no m annito l i s  p r e s e n t .  
Laminaran i s  a l s o  found in  th e  0.3M KCl f r a c t i o n  and w i l l  be d iscu ssed  
f u r t h e r  t h e r e .
The 0.3M KCl f r a c t i o n
A nalysis  o f  a  h y d ro ly s a te  o f  t h i s  f r a c t i o n  gave g lucose  as  th e
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main sugar though fu co se ,  g a la c to s e ,  x y lo se ,  g lu c u ro n ic  a c id  and 
a l g i n i c  a c id  r e s id u e s  were a l s o  observed . The p resence  o f  a l g i n i c  
a c id  was in d ic a te d  by paper chromatography and v e r i f i e d  by g . l . c .
When th e  sugars  in  th e  h y d ro ly s a te  a re  reduced and conver ted  to  
a l d i t o l  a c e t a t e s  a t  l e a s t  some o f  th e  mannuronic a c id  p re s e n t  i s  
converted  in to  mannose and d e te c te d  as  such, as  was shown w ith  a 
sample o f  a u th e n t i c  m annuronolactone.
. From th e  g . l . c .  r e s u l t s  i t  can be seen  t h a t  more th a n  50^ o f  th e  
carbohydra te  in  t h i s  f r a c t i o n  c o n s i s t s  o f  g lucose  and th e  t o t a l  
amount o f  lam inaran  in  th e  aqueous e x t r a c t  i s  th e r e f o r e  a t  l e a s t  55^  
and p ro b ab ly  more.
Some of the uronic acid in this fraction was reduced as carbodiimide complex 
(expt. 7) and the uronic acid content went down from 9 to 7^. This 
shows that the uronic acid in this fraction is difficult to reduce 
which again indicates the presence of alginic acid (see appendix tl 
page 1 7 4).
An a l iq u o t  o f  t h i s  u ro n ic  a c id  reduced sample was m ethy la ted  
(e x p t .  8) and th e  m ethy la ted  sugars^ c h a r a c te r i s e d  as  a l d i t o l  a c e ta t e s ,  
a re  l i s t e d  in  t a b l e  24 i n  o rd e r  o f  descend ing  peak a r e a s .
Sugar
2 . 4 . 6- t r i -O -m e th y l  g lucose
unm ethyla ted  mannose
unm ethy la ted  g lucose
2 , 4-d i-O -m ethy l g lucose
2 . 3 . 4 . 6- te t r a -O -m e th y l  g lucose
2 . 3 . 6- t r i - 0 -m ethy l hexose 
unm ethy la ted  fucose  
unm ethylated  g a la c to s e
Table 27
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The p resence  o f  2 ,4 ,6 - t r im e th y la t e d  g lucose  r e s id u e s  shows 
t h a t  th e  g lucose  in  t h i s  f r a c t i o n  i s  p a r t  o f  a  lam in a ran . The 
m é th y la t io n  r e s u l t s  in d ic a te s  fu r th e rm o re  t h a t  some o f  th e  g lucose  
r e s id u e s  a re  e i t h e r  branched  o r  su lp h a ted  a t  C-6. The sm all 
amount o f  su lp h a te  found in  t h i s  f r a c t i o n  and th e  f a c t  t h a t  a  Tucan'^ 
i s  p re s e n t  p ro v id es  s t r o n g  evidence o f  b ran ch in g  a t  C-6,
The 2 ,3 ,6 - t r im e th y l  hexose r e s id u e s  p ro b ab ly  o r ig i n a t e  from 
reduced  a l g i n i c  a c id .
The f a c t  t h a t  no t r a c e  o f  e i t h e r  m e thy la ted  fu co se ,  g a la c to s e  
o r  x y lo se  could  be found in d ic a te s  t h a t  th e  p r e s e n t ' f u c a n * i s  as  
d i f f i c u l t  to  m e th y la te  by th e  Hakomori method a s  th e  "fucan"in 
D. l i g u l a t a .
The O .5M KCl f r a c t i o n
A na lys is  o f  a h y d ro ly s a te  o f  t h i s  f r a c t i o n  shows th e  p resence  
o f  fucose  (m ajo r) ,  g a la c to s e ,  x y lose  and g lu c u ro n ic  a c id .
M éth y la t io n  by th e  Hakomori method was ag a in  found to  be 
u n su cc e ss fu l  even though DMP was t r i e d  as  so lv e n t  as  w ell as  DMSO.
The a c id  e x t r a c t
The w hite  s o l i d  ( 1 . 4^  o f  th e  d ry  w eight) was found to  have a 
carbohydra te  con ten t o f  55^ (g lucose  graph) and a su lp h a te  co n ten t  o f  
about 1%.
I n v e s t ig a t io n s  o f  a  h y d ro ly s a te  by paper chromatography in d ic a te s  
t h a t  t h i s  e x t r a c t  c o n s i s t s  to  a  l a r g e  e x ten t  o f  a l g i n i c  a c id  s in c e  
most o f  th e  carbohydra te  d id  not move in  a  b a s i c  s o lv e n t .  Apart from 
th e  a c id ,g lu c o s e ,  fu c o se ,  g a la c to s e  and x y lose  were a l l  found. The 
s o l i d  was found to  have a u ro n ic  a c id  co n ten t  o f  about 15^
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(mannuronolactone graph) hu t t h i s  i s  p ro b ab ly  too  low s in c e  t h i s  
does no t a llow  f o r  th e  p resence  o f  a c id  as  w ell as l a c to n e .
F r a c t i o n a t io n  o f  th e  s o l i d  on a c e l l u lo s e  column (e x p t .  10) 
gave th e  re c o v e r ie s  shown in  t a b l e  25. The com position  o f  th e  
d i f f e r e n t  f r a c t i o n s  i s  a l s o  g iv en  in  t h i s  t a b l e .
F r a c t io n Recoverymg
Carbohydrat e^ 
Content ^
Sulphate  
C o n te n t /
Uronic a c id  
Content ^
Aqueous 11 83 - -
0.3M KGl 466 53 1 17^
0.5M KCl 22 78 8 f
1.CM KCl
499
■ — --
^  g lucose  graph 
^ mannuronolactone graph 
° g lu c u ro n ic  a c id  graph
Table 25
The o v e r a l l  carbohydra te  re c o v e ry  was found to  be 8 9 .9 ^ .
The acfueous f r a c t i o n
On h y d ro ly s is  o n ly  g lucose  was found in  t h i s  f r a c t i o n  th e re b y  
in d i c a t i n g  t h a t  a  sm all amount o f  lam inaran  was l e f t  i n  th e  re s id u e  
a f t e r  w a te r  e x t r a c t i o n .
Hie 0.3M KCl f r a c t i o n
A na lys is  o f  a h y d ro ly sa te  by paper chromatography and g . l . c .  
i n d ic a te d  th e  p resence  o f  l a r g e  amounts o f  charged m a te r ia l s  and 
io n o p h o res is  in  b o ra te  b u f f e r  ( e x p t .  9) f u r t h e r  i n d ic a te s  t h a t  most
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o f  th e  m a te r ia l  i s  mannuronic a c id .  As sm all amounts o f  fuc.ose was
a l s o  observed  in  th e  h y d ro ly s a te  a  sample (lOO mg) was m ethy la ted
14by th e  Haworth method bu t a g a in  no m ethy la ted  sugars  were 
observed .
In  an a ttem pt to  s e p a ra te  th e  Tucan"from th e  a l g i n i c . a c i d , a  
sample o f  th e  e x t r a c t  was t r e a t e d  w ith  Feh ling*s  s o lu t io n  (e x p t .  12) 
and two f r a c t i o n s  were o b ta in e d .  On h y d ro ly s is  i t  was found t h a t  
th e  non-complexed f r a c t i o n  c o n s is te d  o f  fu c o se ,  g a la c to s e ,  x y lose  
and g lu cu ro n ic  a c id  w hile  th e  complexed f r a c t i o n  co n ta in ed  th e  
a l g i n i c  a c id  as  w ell as  some o f  th e " fu c a n .  Even though amounts o f  
"fucan"was found in  th e  complexed f r a c t i o n  t h i s  may be a method to  
remove th e  a l g i n i c  a c id  i n  t h i s  and o th e r  f r a c t i o n s .
The 0.3M KCl f r a c t i o n
A nalysis  o f  a  h y d ro ly s a te  by p aper  chromatography showed th e  
p resen ce  o f  fu co se ,  g a la c to s e ,  x y lo se  and g lu c u ro n ic  a c id .  The 
chromatograms showed th e  same p a t t e r n  as  t h a t  found f o r  t h e ’T u ca il ' in  
th e  aqueous e x t r a c t ,  t h e re b y  confirm ing  th e  expected  s i m i l a r i t i e s .
Conclusions and comparison w ith  o th e r  brown seaweeds
As la c k  o f  tim e p e rm it te d  o n ly  p re l im in a ry  s tu d ie s  o f  D. f irm a  
th e  con c lu s io n s  w i l l  m ain ly  concern  th e  r e s u l t s  from D. l i g u l a t a .
Both th e  p re s e n t  B esm arestia  samples were found to  c o n ta in  
m annito l as th e  main e th an o l 'so lu b le  m a te r i a l ,  as p r e v io u s ly  found f o r
7
B. a c u le a ta  and o th e r  brown seaweeds.
The g a la c to s e  and x y lose  c o n ta in in g  o l ig o s a c c h a r id e s  found in  th e  
e th a n o l ic  e x t r a c t  o f  D. f irm a  and th e  g a la c to s e ,  x y lo se  and mannose 
c o n ta in in g  o l ig o s a c c h a r id e s  found in  th e  e th an o l  e x t r a c t  o f  D. l i g u l a t a
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appear t o  be unique t o  th e s e  two a lg a e .  They a re  p o s s ib ly  p re c u rso r s  
o f  t h e ’Tucans’*'in th e s e  weeds and s in c e  n e i t h e r  fucose  nor 
g lu cu ro n ic  a c id  were found in  t h i s  e x t r a c t  i t  i s  p o s s ib le  t h a t  th e s e  
p o ly sac c h a r id e s  a r e  s id e  chains  to  be l in k e d  on to  a  fu c o s e /g lu c u ro n ic  
a c id  backbone.
7
The e th a n o l ic  e x t r a c t  o f  D. a c u le a ta  was found to  c o n ta in  
m an n ito l ,  su c ro se ,  l a m in i to l ,  rhamnose, s ed o h ep tu lo se ,  g lu co se ,  
f r u c to s e ,  2^0-m ethy l- and 3 -^ n ie th y l  fu c o s e .  Apart from g lucose  
( i n  B. firm a) and m annito l none o f th e s e  compounds were found in  th e  
e th a n o l ic  e x t r a c t s  from th e  two p re s e n t  l i s m a re s t i a  s p e c ie s .
The lam inaran  o b ta in e d  from B. a c u le a ta  and B. l i g u l a t a  were
b o th  shown to  c o n ta in  m annito l end groups w hile  th e  lam inaran  from
15 15B. f irm a  and Hiitianthalia l o r e a  , B i f u c a r ia  b i  f u r  ca t  a and Pa 61 na
15pavonia  p r e v io u s ly  i n v e s t ig a t e d  in  t h i s  l a b o r a to r y  were a l l  found to  
be devoid  o f  m a n n ito l .
The lam inaran  from B. f i rm a  and B. a c u le a ta  was found in  both  
th e  a c id i c  as  w ell as  th e  aqueous e x t r a c t  and th e s e  two a lg a e  were 
a ls o  found to  have a  much h ig h e r  lam inaran  co n ten t  th a n  th e  o th e r  
fo u r  weeds mentioned above (see  t a b l e  2 6 ) .  M éth y la tio n  s tu d ie s  o f  
th e s e  two larainarans i n d ic a te s  t h a t  th e y  b o th  c o n ta in  a p ro p o r t io n  o f
1 , 3 , 6- l i n k e d  branch  p o in t s .
While th e  "fucanâ’ from H. l o r e a , B. b i f u r c a t a  and P. pavonia  
were found to  c o n ta in  fu co se ,  x y lo s e ,g lu c u ro n ic  a c id  and o n ly  t r a c e s  
o f  g a la c to s e ,  t h e ’fucan^’ from th e  th r e e  B esm arestia  s p e c ie s  were found 
t o  c o n ta in  th e  same sugars  bu t l a r g e r  p ro p o r t io n s  o f  g a la c to s e .  
Furtherm ore t h e ’Tucail” from B. l i g u l a t a  was found to  c o n ta in  a  f a i r l y  
h ig h  p ro p o r t io n  o f  mannose. ^F u cans^con ta in ing  fu co se ,  mannose.
159
g a la c to s e ,  xy lose  and g lu c u ro n ic  a c id  have been i s o l a t e d  from
Cyst o s e i r a  b a r b a t a ^^\ Sargassum l i n i f o l i u m ^^, Sargassum p a l l id u m ^^
19and P e lv e t i a  w r i g h t i i  • Evidence has been o b ta in e d  to  in d ic a te  
t h a t  th e  th r e e  l a t t e r  a lgae  have a glucuronoraannan backbone. 
Furtherm ore th e y  have a l l  been  shown to  be h ig h ly  branched and 
su lp h a ted  p o ly s a c c h a r id e s .
T he’Tucand’ from t h r e e  B esm arestia  s p e c ie s  were found to  have 
b a s i c a l l y  th e  same e lu t i o n  p a t t e r n  from a  c e l l u l o s e  column. The 
r e s u l t s  o b ta in e d  in d ic a t e  t h a t  th e y  a r e  p o ly d is p e rse  and comprise a 
fam ily  o f  macromolecules a l l  b u i l t  up on th e  same g e n e ra l  p la n  but 
c o n ta in in g  d i f f e r e n t  p ro p o r t io n s  o f  u ro n ic  a c id  and h a l f  e s t e r  
s u lp h a t e .  The linJcages of"fucan*»polysaccharides w i l l  be d is cu s sed  
in  th e  next s e c t i o n .
The a l g i n i c  a c id  i n  B. a c u l e a t a ^ has been found to  c o n ta in  about 
46^  mannuronic a c id  w h ile  th e  h ig h e s t  mannuronic a c id  co n ten t  found in  
th e  a l g i n i c  a c id  from B. l i g u l a t a  was 33^* E xhaustive  e x t r a c t i o n  o f  
th e  a l g i n i c  a c id  from B. l i g u l a t a  gave an a l g i n i c  a c id  w ith  low 
v i s c o s i t y  as  w e ll  as  low mannuronic a c id  c o n te n t ,  th e re b y  i n d i c a t in g  
t h a t  th e  mannuronic a c id  reg io n s  o f  t h i s  a l g i n i c  a c id  a r e  more e a s i l y  
degraded th a n  th e  g u lu ro n ic  a c id  r e g io n s .  P re l im in a ry  s tu d ie s  o f  th e  
a l g i n i c  a c id  from B. f irm a  in d i c a t e  t h a t  th e  same i s  t r u e  f o r  t h i s  
a l g a .  The mannuronic a c id  found in  th e  a c id  e x t r a c t  from t h i s  a lg a  
i s  a  f u r t h e r  e x p la n a t io n  o f  th e  low mannuronic a c id  co n ten t  i n  th e  
i s o l a t e d  a l g i n i c  a c id .  The p resen ce  o f  a l g i n i c  a c id  in  th e  a c id  
e x t r a c t  o f  b o th  B. f irm a  and B. l i g u l a t a  ( t r a c e s )  su g g es ts  t h a t  th e  
f r e e  s u lp h u r ic  a c id  p re s e n t  in  th e s e  a lg ae  have degraded /hydro1ysed 
th e  a l g i n i c  a c id s  a t  l e a s t  to  some e x te n t .  The p resen ce  o f  amine 
d u r in g  th e  n e u t r a l i s a t i o n  o f  th e  s u lp h u r ic  a c id  in  B. f i rm a  might
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a ls o  be r e s p o n s ib le  f o r  some d e g ra d a t io n /h y d ro ly s is  of th e  a l g i n i c  
a c id  in  t h i s  a lg a .
D. l i g u l a t a  w as,as  expected  f o r  brown seaweed^ found to  c o n ta in  
c e l l u l o s e .
In  th e  fo l lo w in g  t a b l e  th e  r e l a t i v e  y ie ld s  o f  th e  d i f f e r e n t  
p o ly sac c h a r id e s  o f  some brown seaweeds a r e  g iv en .
Species Laminaran **Pucan^ ^
A lg in ic
a c id
“ Fucan** 
.(MagCO^)
H im anthalia  l o r e a 0 .02 18 16 1.8
Padina pavonia 0 .07 5.0 13 2.0
D em arestia  a c u le a ta  
(August)
5 .6 2.2 12 12.5
(March) 1.8 4 .8 16 2.2
B esm arestia  l i g u l a t a 0 .0 8 5 .6 13.9 0 ,6
D esm aresita  f irm a 1.8 2 .8 * - -
A lg in ic  a c id  as  w e ll  as^'fucan^*
Table 26
I t  can be seen  from t h i s  t a b l e  t h a t  th e  y ie ld s  o f  th e  d i f f e r e n t  
p o ly sa c c h a r id e s  from D. l i g u l a t a  does not show any s i g n i f i c a n t  
d i f f e r e n c e  from th o se  from th e  o th e r  a lg ae  in  t h i s  t a b l e ,  th e re b y  
im plying t h a t  th e  p resence  o f  th e  f r e e  s u lp h u r ic  a c id  in  t h i s  a lg a  
does no t change th e  m e tab o lic  pathways from th o s e  o f  o th e r  brown
7
seaweeds. No t r a c e  o f  f r e e  s u lp h u r ic  a c id  was found in  D. a c u le a ta  .
The p re l im in a ry  s tu d ie s  o f  B. f irm a  on th e  o th e r  hand in d ic a te s
a  v e ry  low con ten t o f  *!fucan*'compared to  th e  o th e r  weeds.
I t  has no t been p o s s ib le  to  f i n d  any e x p la n a t io n  f o r  th e  h igh  f r e e
s u lp h u r ic  a c id  con ten t (about 6^ in  B. f i r m a ) '.
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Chapter V I n v e s t ig a t io n s  o f" fu can s  from H im an tha lia  l o r e a  and 
Padina  pavonia
As th e  in v e s t i g a t i o n s  o f  th e  rhamnans (page 74) had shown t h a t  
su lp h a ted  rhamnans can undergo th e  a l k a l i  d e g ra d a t io n  r e a c t i o n  i t  was 
dec ided  to  t r y  t h i s  r e a c t i o n  on some o f  th e " fu c a n s " p re v io u s ly  
in v e s t ig a te d  in  t h i s  l a b o r a to r y .  A ll  th e  l in k a g e  a n a ly s i s  p re v io u s ly  
c a r r i e d  out on th e se " fu c a n s " h a s  been  by g . l . c .  o f  th e  m ethy la ted  
d e r i v a t i v e s ,  and as  many o f  th e  d i f f e r e n t  m e th y la ted  d e r iv a t iv e s  have 
s im i l a r  r e t e n t i o n  t im es  on g . l . c .  i t  was dec ided  to  an a ly se  th e  
m e thy la ted  sugars  as  t h e i r  a l d i t o l  a c e t a t e s  by g . l . c . - m . s .
"Pucan"samples from H im an tha lia  l o r e a  and Padina pavonia  ( h e r e i n a f t e r  
c a l l e d  H ."fucans  and P . " f u c a n s ' r e s p e c t iv e ly )  were used  s in c e  th e s e  
fucans" bo th  c o n ta in  o n ly  fu c o se ,  x y lo se  and g lu c u ro n ic  a c id  and th e  
r e s u l t s  shou ld  th e r e f o r e  be e a s i e r  to  i n t e r p r é t â t e th a n  s im i l a r  r e s u l t s  
from^fucans c o n ta in in g  a d d i t i o n a l  s u g a r s .
In v e s t i g a t io n s  o f  th e  d i f f e r e n t" fu c a n s "
Two samples o f  0.3M KCl H. and P . " f u c a n s ' ( f r a c t i o n a t e d  p r e v io u s ly  
on a  c e l l u lo s e  column from a c id  e x t r a c t s ^ ) , a  sample o f  M KCl P . "fucan" 
( s e p a ra te d  d u r in g  t h i s  work by a  c e l l u lo s e  column from an a c id  e x t r a c t  
as p r e v io u s ly  desc rib ed ^ )  and a sample o f  a  h ig h ly  p u r i f i e d  H ."fucan"
p
i s o l a t e d  in  1948 were i n v e s t i g a t e d .
Experiment 1 C h a r a c te r i s a t i o n  o f  th e  Q.3M KCl H. and P . " fu c a n s '
The ui’on ic  a c id  [CM VI ( i i )  ( c ) ] ,c a rb o h y d ra te  [GM VI ( i ) ]  and 
s u lp h a te  [CM VI ( i i i ) ]  con ten t o f  th e  tw o"fucans were e s t im a te d .  Two 
a l iq u o t s  (about 100 mg each) were h y d ro lysed  [CM I I  ( i ) ]  and s e p a ra te d
163
on 3MM paper in  so lv en t  ( a ) • The a p p ro p r ia te  s t r i p s  were e lu te d  and 
th e  p ro p o r t io n s  o f  th e  d i f f e r e n t  sugars  e s t im a ted  by th e  phenol 
su lp h u r ic  method [GM VI ( i ) ] .
Experiment 2 R eduction o f  th e  u ro n ic  a c id  in  th e  0.3M KCl H. and P. 
fucans
An a l iq u o t  (about 50 mg) o f  each fucan  was d is so lv e d  in  w a te r  
(about 100 ml) and reduced v ia  th e  carbod iim ide  complex [GM VII ( x ) ] .
•> n
The u ro n ic  a c id  co n ten ts  o f  th e  two reduced fucans were e s t im a ted  
[GM VI ( i i )  ( c ) ] .
Experiment 3 M éth y la t io n  o f  th e  reduced and unreduced 0.3M KCl
H H
H. and P. fucans
«/ / /
An a l iq u o t  (about 100 mg) o f  each o f  th e  unreduced fucanswas 
m ethy la ted  by th e  Hakomori method [GM VII ( v i i i ) ] .  An a l iq u o t  (about 
10 mg) o f  each m ethy la ted  fucan  was h y d ro ly sed  [GM I I  ( i ) ] ,  converted  
in to  th e  a l d i t o l  a c e t a t e  [GM V II ( v i i ) ]  and an a ly sed  by g . l . c .  -  m .s .
[GMV a ( i i )  , B ( iv )  , C ( i i ) ] .
An a l iq u o t  (about 50 mg) o f  each o f  th e  reduced fucans was m ethy la ted  
by th e  Hakomori method. A f te r  m é th y la t io n  and d i a ly s in g  th e  con ten t o f  
th e  d i a l y s i s  sac  was e x t r a c te d  w ith  ch loroform  and th e  two e x t r a c t s  
ta k en  down to  th e  d ryness and a f t e r  t h e i r  ca rbohydra te  co n ten ts  were
u  n
es t im a ted  th e y  were an a ly sed  as  d e s c r ib e d  above f o r  th e  unreduced fu c a n s .
Experiment 4 A lk a l in e  d e g ra d a t io n  o f  th e  two m ethy la ted  unreduced
H.and P ." fucans"
The m e thy la ted  fucan  (50 mg) and to lu e n e -p -s u lp h o n ic  a c id  ( t r a c e )  
was d is s o lv e d  in  a  m ix ture  o f  DMSO and 2 ,2 —dimethoxypropane ( l 9 : l )  (4  ml)
164
and carban ion  [GM VII ( i i i ) ]  (2 ml) was added. The s o lu t io n  was 
s t i r r e d  ov e rn ig h t a f t e r  which an excess o f  50^  aqueous a c e t i c  a c id  
was added. The m ix tu re  was poured in to  w a te r  (50 ml) and e x t r a c te d  
w ith  ch loroform . The CHCl^ and aqueous s o lu t io n s  were ta k en  to  
d ry n ess ,  hyd ro ly sed  [GM I I  ( i ) ]  and ana ly sed  as d e sc r ib e d  in  e x p t .3.
// //
Experiment 3 Methyl a t i o n  o f  th e  MKCl P. fucan
An a l iq u o t  (IOI mg) o f  th e  MKCl P ."fucan"w as m ethy la ted  and 
a n a ly sed  as d e sc r ib e d  in  e x p t .  3«
/ /  / /
Experiment 6 A lk a lin e  d e g ra d a t io n  o f  th e  m ethy la ted  MKCl P. fucan  
The m ethy la ted  M KCl P. fucan [(50  mg) was s u b je c te d  to  th e  
a l k a l i n e  d e g ra d a t io n  p rocedure  as  d e sc r ib e d  in  e x p t .  4*
u n
Experiment 7 M éth y la t io n  o f  th e  p u r i f i e d  H. fucan
An a l iq u o t  (70 mg) o f  th e  p u r i f i e d  H. 'Yucan^ was m ethy la ted  
as  d e sc r ib e d  in  e x p t .  3.
n >1
Experiment 8 A lk a lin e  d e g ra d a t io n  o f  th e  m ethy la ted  p u r i f i e d  H. fucan  
The m ethy la ted  p u r i f i e d  H. ''fucan (40 mg) was s u b je c te d  to  th e  
a l k a l i n e  d e g ra d a t io n  procedure  as  d e sc r ib e d  in  e x p t .  4 w ith  th e  
fo l lo w in g  m o d if ic a t io n s .  The r e a c t io n  m ix tu re  was d ia ly a e d  f o r  
3 days a f t e r  th e  d e g ra d a t io n  and th e  carbohydra te  o f  th e  d ia ly s a t e  
e s t im a te d .  The con ten t o f  th e  d i a l y s i s  sac  was ta k en  to  d ryness 
and g iven  a m ild  h y r o ly s i s  w ith  50^  a c e t i c  a c id  a t  100° f o r  1 ho u r .
The s o lu t io n  was ta k en  to  d ryness  a g a in ,  th e  r e a c t io n  m ix ture  was 
reduced w ith  sodium borodeuteride and hyd ro lysed  and an a ly sed  as 
d e sc r ib e d  in  e x p t .  4«
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R esu l ts  and d i s c u s s io n
In  th e  f i r s t  experiment th e  0.3M KCl f r a c t io n s f ro m  th e  a c id
e x t r a c t s  o f  th e  P. ' fucans" were examined. The H. "fucan' was found
to  c o n s is t  o f  about 67^ g lu c u ro n ic  a c id ,  20^ fu co se ,  10^ x y lo se  and
2 .5 ^  su lp h a te ,  w h ile  th e  p ro p o r t io n s  o f  th e  P."fucan^was found to
be about 45^ g lu c u ro n ic  a c id ,  35^ fu co se ,  15^ x y lo se  and 2.5%
s u lp h a te .  To o b ta in  in fo rm a t io n  about th e  l in k a g e s  o f  th e
n / /
g lu cu ro n ic  a c id s  in  th e  two fucans  an  a l iq u o t  o f  each was s u b je c te d  
to  re d u c t io n  by th e  carbod iim ide  method (e x p t .  2) b e fo re  
m é th y la t io n .  The u ro n ic  a c id  con ten t o f  th e  H."fucan^was reduced 
from 67% to  about 30% and o f  th e  P ." fucan"from  45% to  about 20%.
The r e s u l t s  from th e  m é th y la t io n  experim ents  ( e x p t .  3) a r e  t a b u la te d  
in  t a b l e  27» The reduced  "fucans" were e x t r a c te d  w ith  ch loroform  
a f t e r  m é th y la t io n  and t h i s  t a b l e  a l s o  in d ic a te s  from which e x t r a c t  
th e  d i f f e r e n t  sugar  d e r iv a t i v e s  were c h a r a c t e r i s e d .  (About 1/5  
o f  th e  reco v ered  m a te r ia l s  were found in  th e  aqueous f r a c t i o n s ) .
Only sm all amounts o f  m e th y la ted  sugars  cou ld  be c h a r a t e r i s e d  
from th e  unreduced P ." fu can "an d  none a t  a l l  could  be c h a r a c te r i s e d  
from th e  unreduced H. "fucan th e re b y  confirm ing  th e  d i f f i c u l t i e s  o f  
m e th y la t in g  a p o ly sac c h a r id e  w ith  a  h igh  u ro n ic  a c id  c o n te n t .
As can be seen  from t a b l e  27 th e  same m ethy la ted  sugars  were found 
in  th e s e  two ' 'fucansl The x y lo se  and g lu c u ro n ic  a c id  r e s id u e s  a re  
m ain ly  1 ,4 - l in k e d  w ith  s m a l le r  amounts o f  end g roups . The fucose  
re s id u e s  a r e  m ainly  1 ,3 - l in k e d  w ith  s m a l le r  amounts o f  1 ,4 - l in k e d  
re s id u e s  and end groups as  w e ll  as  t r a c e s  o f  1 ,2 - l in k e d  r e s id u e s  in  
th e  P. "fucan". The p o s s ib le  b ra n c h ed /s u lp h a te  r e s id u e s  a r e  1 ,2 ,3 ,4 -
1 ,2 ,3 -  o r  1 ,3 ,4 - l i n k e d  and o n ly  t r a c e s  o f  1 ,2 ,4 - l i n k e d  re s id u e s  could  
be found. The l a r g e  amount o f  unm ethyla ted  fucose  p re s e n t  i s  p ro b ab ly
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A ld i to l  a c e t a t e s
H. "fucan" P ." fu c a n
Reduced Non
reduced
Reduced
Water C hloro- Water C hloro-
2 , 3 , 4 - t r i -O -m e th y l  fucose X X X - X
2 ,4 -d i-O -m e thy l fucose X X X XX X
3 , 4-d.i-O-methyl fucose t r a c e
2., 3-d .i-0-m ethyl fucose X X X
2-0-m ethyl fucose X X X X
3-0-m ethyl fucose t r a c e t r a c e
4 -0 -m ethyl fucose X XX X
Unmethylated fucose XX XX XX
2 , 3 , 4 - t r i -O -m e th y l  x y lo se X
2 , 3-d i-O -m ethyl xy lose X X X X
2 ,3 /!^ - te t ra-O -m ethyl g lucose X X X X
2 , 3 , 6 - t r i -O -m e th y l  g lucose X XX X X XX
XX = m ajor c o n s t i tu e n t  
X = minor c o n s t i tu e n t
Table 2?
due m ainly  to  u n d e rm e th y la t io n  because  o f  s t e r i c  h in d ran ce  bu t i t  
i s  a l s o  p ro b ab le  t h a t  the"fucans* a r e  h ig h ly  branched w ith  a l l  th e  
hydroxyl groups in  some re s id u e s  invo lved  in  l in k a g e  a n d /o r  
s u lp h a t io n .
The a lk a l in e  d e g ra d a t io n  tech n iq u e  ( e x p t .  4) was a t tem p ted  on 
th e s e  two"fucans bu t due to  th e  h igh  g lu c u ro n ic  a c id  con ten t and
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p ro b ab ly  th e  p resen ce  o f  1 ,3 - l i b k e â  fucose  r e s id u e s  th e y  were b o th  
com ple te ly  degraded.
¥0 o th e r  f r a c t i o n s  o f  t h i s  H."fucan^were a v a i l a b l e  and t h i s  
"fucan*was t h e r e f o r e  not i n v e s t i g a t e d  f u r t h e r .  A sample o f  th e  
a c id  e x t r a c t  from P. pavonia  was a v a i l a b l e  and t h i s  sample was 
f r a c t i o n a t e d  on a c e l l u lo s e  column and th e  M KCl f r a c t i o n  
s e p a ra te d .  This f r a c t i o n  has been shown to  c o n ta in  about 40^ 
ca rb o h y d ra te ,  5^ u ro n ic  a c id  and 17^ s u lp h a te .  On m é th y la t io n  
( e x p t . 5) th e  fo l lo w in g  m e thy la ted  sugars  were c h a r a c te r i s e d  as 
t h e i r  a l d i t o l  a c e t a t e s  ( i n  o rd e r  o f  descend ing  peak a r e a ) •
Before 
degradat ion Sugars c h a r a c te r i s e d
A f te r
deg rada t ion
X Unmethylated fucose X
X 4-0-m ethy l fucose X
X 2 , 4 -d i-O -m ethy l fucose X
X 2-0-m ethyl fucose X
X 2 , 3-di-O -m ethyl fucose X
X 2 , 3 ,4 - t r i -O -m e th y l  fucose
X 2 , 3-d i-O -m ethyl x y lo se*
X 2 ,3 ,4 - t r i -O -m e th y l  x y lo se
The two m e thy la ted  x y lo se  d e r iv a t iv e s  were o n ly  found i n  sm all 
q u a n t i t i e s .
Table 28
This m e thy la ted  P . '^fucan'was s u b je c te d  to  th e  a lk a l i n e
d e g ra d a t io n  p rocedure  ( e x p t .  6) and o n ly  fragm ents  were found in  th e
1 6 8
chloroform  e x t r a c t ,  w hile  th e  m e thy la ted  sugars  c h a r a c te r i s e d  as 
t h e i r  a l d i t o l  a c e t a t e s  from th e  rem ain ing  w a te r  e x t r a c t  a re  
t a b u la t e d  in  t a b l e  28.
The main d i f f e r e n c e s  between th e  g . l . c .  s p e c t r a  o f  th e  
m e thy la ted  a l d i t o l  a c e t a t e s  b e fo re  and a f t e r  d e g ra d a t io n  a re  t h a t  
th e  spectrum  a f t e r  d e g ra d a t io n  does not c o n ta in  any end group 
fucose  o r  any x y lo se  d e r iv a t iv e s  and t h a t  th e  unm ethyla ted  fucose  
peak i s  r e l a t i v e l y  much l a r g e r  i n  th e  l a t t e r  spectrum .
The r e l a t i v e  h ig h e r  p ro p o r t io n  o f  unm ethy la ted  fucose  a f t e r  
th e  d e g ra d a t io n  in d ic a te s  t h a t  th e  molecule has a  h ig h ly  branched 
fucose  backbone t h a t  i s  no t a f f e c t e d  by th e  u ro n ic  a c id  d e g ra d a t io n .  
This su g g es ts  t h a t  th e  u ro n ic  a c id  m olecules a r e  m ainly  s i t u a t e d  a t  
th e  o u ts id e  o f th e  m olecule and t h a t  th e y  a r e ,  to  some e x te n t ,  l in k e d  
to  fucose  molecules th rough  C-4. S ince n e i t h e r  x y lo se  nor end group 
fucose  d e r iv a t iv e s  cou ld  be found a f t e r  th e  d e g ra d a t io n  th e y  must 
e i t h e r  be l in k e d  d i r e c t l y  to  C-4 o f  u ro n ic  a c id  groups o r  be p a r t  
o f  chains  t h a t  a re  degraded by  th e  r e a c t i o n .  This i n d ic a te s  t h a t  th e  
x y lo se  as  w ell as th e  g lu c u ro n ic  a c id  a re  s i t u a t e d  a t  th e  o u ts id e  o f  
th e  m olecu le .
To v e r i f y  th e  su g ar  l in k a g e s  and to  t r y  to  e s t a b l i s h  th e  
n e ig h b o u rin g  groups o f  th e  u ro n ic  a c id  ( l in k e d  th rough  C-4) a  sample
u  II 2o f  a h ig h ly  p u r i f i e d  fu can  from H. lo r e a  was in v e s t ig a t e d .  This 
^ 'fucan"contains 5 6 .? ^  fu c o se ,  4*1^ g a la c to s e ,  1 .5^  x y lo se ,  3.3% 
g lu c u ro n ic  a c id  and 38.3% s u lp h a te .
P a r t  o f  th e " fu ca n 'w as  m ethy la ted  and g iven  th e  a lk a l i n e  
d e g ra d a t io n  t re a tm e n t  ( e x p t .  8 ) .  The m e thy la ted  sugars  c h a r a c te r i s e d  
a f t e r  th e  d e g ra d a t io n  as t h e i r  a l d i t o l  a c e t a t e s  a re  shown in  t a b l e  29 
( i n  o rd e r  o f  descending  peak a r e a s ) .
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. Sugar
2-0 HU e th y l  fucose
2 , 3-d i-O -m ethyl fucose
2 , 4-di-OHnethyl fucose
4-0-m ethyl fucose
unm ethyla ted  fucose
2 , 3T4-'t3?i-0-methyl fucose
2 , 3-d i-O -m ethyl x y lo se
2 ,3 ) 6 - t r i -O -m e th y l  g a la c to s e
Table 29
These r e s u l t s  show t h a t  th e  fucose  r e s id u e s  a re  m ain ly  1 ,3 -  
and 1 ,4 - l in k e d  w ith  s m a l le r  p ro p o r t io n s  o f  end g roups . The 
p o s s ib le  b ra n c h ed /su lp h a ted  fucose  re s id u e s  a r e  m ain ly  1 ,3 ;4 - l fn k e d  
w ith  sm a l le r  amounts o f  1 ,2 ,3 -  and 1 ,2 ,3 ,4 - l i n k e d  r e s id u e s ,  w hile  
th e  g a la c to s e  and x y lo se  a r e  b o th  found to  be 1 ,4 - l i n k e d .
The h igh  p ro p o r t io n  o f  s u lp h a te  in  th i s " f u c a n 'a n d  th e  r e l a t i v e  
amount o f  end groups and t r i -  and t e t r a - l i n k e d  fucose  r e s id u e s  
c h a r a c te r i s e d  makes i t  h ig h ly  p robab le  t h a t  th e s e  m u l t ip ly  l in k e d  
re s id u e s  a r e  su lp h a ted  r a t h e r  th a n  b ranched . This in d ic a te s  t h a t  
t h i s " f u c a n  i s  a b a s i c a l l y  l i n e a r  p o ly sac c h a r id e  and by comparison 
w ith  th e  o th e r  H. and P. *^fucans* in v e s t ig a te d  in  t h i s  s e c t io n  i t  i s  
p o s s ib le  t h a t  th e y  a l l  have a  l i n e a r  fucose  backbone.
The r e a c t io n  m ixture  was d ia ly s e d  a f t e r  th e  d e g ra d a t io n  
experim ent and o n ly  n e g l ib l e  amounts o f  ca rbohydra te  were found in  
th e  d i a ly s a t e  th e re b y  confirm ing  t h a t  l i t t l e  d e g ra d a t io n  had tak en
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p la c e .  This a g a in  in d i c a t e s  t h a t  th e  sm all amount o f  u ro n ic  a c id  
r e s id u e s  a re  s i t u a t e d  a t  th e  o u ts id e  o f  th e  m o lecu le . The 
r e l a t i v e l y  sm all amount o f  g a la c to s e  c h a r a c te r i s e d  a f t e r  d e g ra d a t io n  
in d ic a t e s  t h a t  much o f  th e  g a la c to s e  re s id u e s  a r e  s i t u a t e d  f a i r l y  
c lo se  to  th e  u ro n ic  a c id  and a re  t h e r e f o r e  degraded .
A f te r  th e  m ild  h y d ro ly s is  th e  r e a c t i o n  m ix tu re  was reduced  w ith
sodium h o ro d e u te r id e  i n  an a ttem p t t o  l a b e l  some o f  th e  re s id u e s  a t
th e  end o f th e  degraded cha ins  fo rm a l ly  l in k e d  th rough  C-4 o f th e
u ro n ic  a c id  (see  page 79)• U n fo r tu n a te ly  l a r g e  amounts o f
d e u te r a te d  r e s id u e s  were found in  th e  peaks o f  a l l  th e  m ethy la ted
fucose  d e r iv a t iv e s  and ta k in g  in to  account th e  sm all u ro n ic  a c id
c o n ten t  o f  t h i s " f u c a n " i t  seems p robab le  t h a t  th e  $0% a c e t i c  a c id
h y d ro ly s is  has h y d ro lysed  q u i t e  a  number o f  th e  g ly c o s id ic  l in k a g e s
in  th e  m olecu le , th e re b y  making i t  im p o ss ib le  to  o b ta in  any
in fo rm a t io n  from t h i s  exper im en t.  In  f u tu r e  a l k a l i n e  d e g ra d a t io n  
n n
experim ents  w ith  fucans i t  w i l l  t h e r e f o r e  be n e c e s sa ry  to  p a r t i a l l y  
h y d ro ly se  w ith  a  weaker a c id .
Tlie i n v e s t ig a t i o n s  o f  th e  H. and .P."fucans in d ic a te s  t h a t  th e  
fucose  re s id u e s  in  th e s e  m olecu les  a r e  m ain ly  1 ,3 -  and 1 ,4 - l in k e d  
w i th  s m a l le r  p ro p o r t io n s  o f  end g roups . The b ra n c h e d /su lp h a te d  
fucose  re s id u e s  a re  e i t h e r  1 ,2 ,3 ,4 -?  1 ,2 ,3 -  o r  1 ,3 ? 4 - l in k e d ,  and 
th e  x y lo se ,  g lu c u ro n ic  a c id  and g a la c to s e  re s id u e s  were found to  be
1 ,4 - l in k e d  and end g roups .
« i»1
In  th e  p rev io u s  in v e s t i g a t i o n s  o f  th e  fucans  mass 
sp ec tro m e try  was no t a v a i l a b l e  and th e  l in k a g e s  were determ ined by 
g . l . c .  a n a ly s i s  o f  m e thy la ted  su g ar  d e r i v a t i v e s .  The mass 
sp ec tro m e try  a n a ly s i s  o f  th e s e  m e th y la ted  d e r iv a t i v e s  ag rees  w ith
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th o s e  o b ta in e d  e a r l i e r  bu t t h e r e  a re  a l s o  some im portan t d i f f e r e n c e s .
The l in k a g e s  o f  th e  x y lo se ,  g lu c u ro n ic  a c id  and g a la c to s e  
r e s id u e s  were found to  be th e  same in  b o th  i n v e s t i g a t i o n s •
Unmethylated, end group and 1 ,3 ,4 - l i n k e d  fucose  were a l s o  found in  
bo th  sam ples, w hile  th e  1 ,2 - l in k e d  and 1 ,2 ,4 - l i n k e d  fucose  r e s id u e s  
p re v io u s ly  re p o r te d ^  could  no t be d e te c te d  in  th e  p re s e n t  "fucans .
This i s  p ro b ab ly  due to  th e  s i m i l a r  r e t e n t i o n  tim es  o f  th e  th r e e  
d im e th y la ted  fu co se  d e r iv a t iv e s  and th e  s im i l a r  r e t e n t i o n  tim es  o f  
th e  3 -  and 4~0-niethyl fucose  d e r iv a t iv e s  whereas m .s .  a n a ly s i s  
enab les  complete i d e n t i f i c a t i o n  o f  th e s e  d e r i v a t i v e s .
1 ,4 -L inked  fucose  r e s id u e s  have p r e v io u s ly  been  re p o r te d  in  th e  
' 'fu can 'f ro m  Fucus v e s ic u lo s u s ^ .  The main m e thy la ted  fucose  d e r iv a t iv e  
from t h i s " f u c a n  was found to  be 3-0 -m ethy l fu c o se ,  but t a k in g  th e  
s i m i l a r  r e t e n t i o n  tim es  in to  c o n s id e r a t io n  some o f i t  might have been 
th e  4-0-m ethy l fucose  d e r i v a t iv e  by  comparison w ith  th e  p re s e n t  
"fucans'.
D uring th e  p re s e n t  i n v e s t i g a t i o n s  i n d ic a t io n s  have been found
// tt
f o r  th e  p resen ce  o f  a  l i n e a r  fucose  backbone in  th e s e  H. and P. fu c a n s .
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Appendix I  Linkage a n a ly s i s  o f  an Ulva la c tu c a  rhamnan
A sample o f  a d e su lp h a te d  and u ro n ic  a c id  reduced  rhamnan from 
Ulva la c tu c a  was m e thy la ted  hy th e  Hakomori method and th e  fo l lo w in g  
m e th y la ted  sugars  c h a r a c te r i s e d  as t h e i r  a l d i t o l  a c e t a t e s  ( i n  o rd e r  
o f  descending  peak a r e a s ) .
Sugar
2 . 3-d i-O -m ethyl x y lo se
2 . 3 -d i-O -m ethyl rhamnose )
2 . 4 -d i-O —methyl rhamnose )
2 , 3»6 - t r i -O -m e th y l  g lucose
2 , 3 ,4 » 6 - te tra -O -m e th y l  g lucose
Unmethylated rhamnose
2 ,3»4 - t r i -O -m e th y l  rhamnose
*
2-0-m ethyl rhamnose
-X-
3-0-m ethyl rhamnose
4-0-m ethy l rliamnose
Trace q u a n t i t i e s
The two d im e th y la ted  rhamnose d e r iv a t i v e s  have 
s im i l a r  r e t e n t i o n  t im es  and a re  th e r e f o r e  ta k e n  as 
one peak, though m .s .  a n a ly s i s  shows t h a t  on ly  
sm all amounts o f  2 , 4-Ui-O-methyl rhamnose i s  
p r e s e n t .
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These r e s u l t s  show t h a t  th e  rhamnose re s id u e s  a r e  m ain ly
1 ,4 - l in k e d  w ith  a  sm all p ro p o r t io n  o f  1 ,3 - l in k e d  and end group 
r e s id u e s .  Trace q u a n t i t i e s  o f  rhamnose d é r i v â t iv e s m u l t ip ly  l in k e d  
th rough  every  hydroxyl group in  every  p o s s ib le  way have a l s o  been 
found . The x y lo se  r e s id u e s  were found to  be 1 ,4 - l in k e d  and th e  
g lu c u ro n ic  a c id  r e s id u e s  1 ,4 - l i n k e d  and end g roups .
These r e s u l t s  co rrespond  in  th e  main to  th o se  o b ta in ed  from
1 2p rev io u s  m é th y la t io n  s tu d ie s  ' , though th e  p r e v io u s ly  r e p o r te d
1 ,3 - l in k e d  g lu c u ro n ic  a c id  and 1 ,3 -  and t r i p l y  l in k e d  x y lo se  could  
not be found in  t h i s  experim en t.
The sm all amount o f  end group and m u l t ip ly  l in k e d  
r e s id u e s  found in  t h i s  rhamnan in d ic a te s  t h a t  i t  i s  b a s i c a l l y  a 
l i n e a r  p o ly sac c h a r id e  which i s  i n  c o n t r a d ic t io n  w ith  th e  e a r l i e r  
r e p o r te d  h ig h ly  branched s t r u c t u r e  .
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Appendix I I  Reduction o f  a l g i n i c  a c id s
I t  has been found d u r in g  th e  p re s e n t  work t h a t  r e d u c t io n  o f  
u ro n ic  a c id s  w ith  sodium borohydride  v ia  th e  carbodiim ide  complex 
have been  v e ry  s a t i s f a c t o r y .  I t  was t h e r e f o r e  decided  to  t r y  
t h i s  method in  th e  hope o f  deve lop ing  a new method f o r  de te rm in ing  
th e  g u lu ro n ic  to  mannuronic r a t i o  by de te rm in in g  th e  r a t i o  o f th e  
reduced s u g a rs .
A number o f  d i f f e r e n t  sodium a l g in a t e s  su p p l ie d  by A lg in a te  
I n d u s t r i e s  were t e s t e d  and th e y  were reduced  once and tw ic e .
The re c o v e r ie s  and th e  u ro n ic  a c id  con ten t from t h r e e  t y p i c a l  
samples a r e  shown below in  t a b l e  31.
Sample
Reduced once Reduced tw ice
Recovery
%
U ronic a c id  
Content %
Recovery
%
Uronic a c id  
Content %
1 53 42 49 18
2 51 38 46 16
3. 48 40 45 21
Table 31
As can be seen  from t h i s  t a b l e  th e  y ie ld s  from th e s e  experim ents 
a r e  to o  low to  be c e r t a i n  t h a t  th e  p ro d u c ts  have th e  same p ro p o r t io n s  
o f  th e  c o n s t i tu e n t  sugars  as  th e  o r i g i n a l  m a te r i a l s  and th e y  a re  th e r e f o r e  
o f  l i t t l e  v a lu e .
These experim ents were t h e r e f o r e  not ta k e n  f u r t h e r .
M éthy la tion  o f  th e  reduced  polymers by th e  Hakomori method showed 
as  expected  on ly  sm all amounts o f  end group hexose and la rg e  amounts 
o f  1 ,4 - l in k e d  hexose c h a r a c te r i s e d  as th e  m e th y l-g ly c o s id e s  and 
a l d i t o l  a c e t a t e s .
